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The high demand for more efficient purification processes with increased 
automation and throughput pushes the development of more advanced preparative, pilot, 
and process scale HPLC instrumentation that is capable of achieving higher purities in a 
shorter amount of time than are currently achieved using one dimensional separations.  A 
preparative scale 2D HPLC system was designed and reduced to practice in order to 
demonstrate the capacity for scalability of on-line comprehensive 2D HPLC separations of 
basic compounds from a challenging natural product extract of Oplopanax horridus. The 
methodology and instrumentation design herein permits direct method transfer from 
analytical to preparative scale purifications to alleviate resolution and throughput problems 
with traditional reversed phase separations. The incorporation of aromatic selective phases 
(C6-phenyl and biphenyl) increases the resolution of a two dimensional HPLC system that 
follows a hydrophobic subtraction approach to achieve orthogonality between dimensions. 
The two dimensional separations herein demonstrate the utility and application of long 
columns (250 mm) packed with 5 µm fully and superficially porous particles which enable 
direct scalability of the HPLC separations from analytical to preparative scale and beyond 
where the instrumentation limitations of 5,000 psi are already factored in. This approach 
enables equipment already in place in either a lab or a processing environment to be retrofit 
with a modulation mechanism to incorporate multidimensional chromatography without 
the capital investment of entirely new instrumentation resulting in a huge cost savings. 
Utilizing a hyphenated purification approach, a 2D HPLC-ESI-MS system incorporating a 
 iii 
C6-phenyl and biphenyl in the first and second dimension respectively was able to 
successfully resolve more than 90% of detected analytes with a resolution of 1.0 or more 
in 11 distinct subfractions of the ethyl acetate liquid-liquid extraction layer of the crude 
methanol extract of O. horridus. The incorporation of pi selective phases such as C6-phenyl 
and biphenyl offers increased selectivity of aromatic molecules and was demonstrated as a 
powerful screening phase. Furthermore, using a stronger retaining phase in the second 
dimension enabled for large (67% of the void volume) loops to be used for transferring 
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Utilization of plants in the prevention and treatment of illnesses has existed since 
ancient times. Traditional approaches toward illness focus on preventative medicines 
including Ayurveda, the “Science of life” originating in India centuries ago1 as well as 
Traditional Chinese Medicine (TCM)2 and Mayan traditional medicine3. Western medicine 
which has traditionally focused on the application of prescription antibiotics in the 
treatment of ailments has undergone a change in the general mentality towards herbal 
medicine as its usage has significantly increased by 380% from 1990-19974, due to the 
promising results of studies focused on their use as preventative medicine5. The estimated 
global market of herbal medicines in 2008 was valued at $83 billion with an estimated 
exponential growth6. Medicinal plants and functional foods such as nutraceuticals have a 
significant impact on hundreds of millions of lives in developing countries where 70-95% 
of the population relies on traditional medicines for primary care6. The term “nutraceutical” 
was coined by Stephen DeFelice MD in 1979 and is derived from two words, nutrition and 
pharmaceutical7. Nutraceuticals maintain a nutritional role in the diet and long-term health 
benefits whereas medicinal plants are used solely to promote medicinal action without 
long-term use8. Many indigenous peoples have relied upon traditional medicinal plants and 




America have historical use of Oplopanax horridus, which serves as a valuable medicinal 
plant9.  
 
Oplopanax horridus (Devil’s Club) 
Oplopanax horridus is one of the three species in the Oplopanax genus and family 
Araliaceae which contains many globally important medicinal plants including Asian 
ginseng (Panax ginseng), American ginseng (Panax quinquefolius), and eleuthero 
(Eleutherococcus senticos) formerly called Siberian ginseng10. O. horridus is also identified 
by Fatsia horrida Benth. & Hook., Panax horridum J.E. Smith, Riconophyllum horridum Pall. 
and Echinopanax horridum Decne. & Planch is commonly referred to as Devil’s Club10,11.   
O. horridus is a deciduous shrub covered in dense spines that grows from one to three 
meters in height and is native to north western North America from Oregon north to Alaska 
eastward to the Canadian Rockies12,13.  This ethnobotanical plant has important medicinal 
and spiritual preparations for many indigenous peoples including ashes, decoctions, 
poultices, salves, teas, tonics, spiritual rituals, luck, purification, and protection9-11,14.  
Supporting the traditional ethnobotanical use, various plant extracts of O. horridus have 
demonstrated antibacterial15,16, antifungal15,17, antimycobacterial15,18, and antiviral19 
activities. In addition, biochemical investigations of O. horridus have been split into two 
primary distinct areas of research, the first being the volatile fraction composed of terpene 
and terpenoid constituents referred to as an essential oil. The other fraction contains 
nonvolatiles, compounds which usually have a molecular weight (MW) greater than 250 




for a number of physical symptoms, the primary focus of exploring and bioprospecting 
new bioactive drug leads focuses on more complex structures with higher molecular 
weights.  
Though there have been several published works displaying the biological activity 
in vitro and in vivo activities of O. horridus, very few publications have identified single 
chemical entities. There is interest in O. horridus for a source of bioactive phytochemical 
compounds to justify its traditional use.  However, to date, there have only been 30 
identified compounds and even fewer with absolute structure confirmation. These 
compounds are shown in Figure 1.1. Since O. horridus grows via clonal replication12, it is 
important that it is able to defend itself from various forms of attack and maintain a diverse 
group of active molecules which can be used for defense. The storage of secondary 
metabolites and active compounds that can serve as defensive, signaling, competitively 
inhibitory, or attractants in large quantities in the root bark makes it a suitable material for 
extraction. Nonvolatile compound classes that have been identified include polyynes, 









The shortcomings of the existing research reveal that there are large gaps in the 
targeted isolation and extraction of compounds. This is evidenced by most published 
studies that neglect the isolated individual small molecules to correlate to their biological 
activities.  O. horridus has been reported to contain polyynes including : falcarinol15; 9-
heptadecene-4,6-diyne-3,8-diol15; 1-acetate-9,17-octadecadiene-12,14-diyne-1,11,16-
triol15,21; 9-heptadecene-4,6-diyne-3,8-diolacetate15; falcarindiol15,21-23; oplopantriol A22;  
oplopantriol B22; oplopandiol21-23; (11S,16S,9Z)-9,17-octadecadiene-12,14-diyne-1,11,16-
triol,1-acetate22; oplopandiol acetate21,22; falcarindiol22; and oplopandiol22. The identified 
phenolic compounds identified include: gallic acid24; caffeic acid24; 4-O-feruloylquinic 
acid24; 5-O-feruloylquinic acid24; methyl-feruloylquinate24; ferulic acid24; methyl-
ferulate24; and quercetin24. Oplopanphesides A-C, belonging to the class of phenolic 
glycosides, were isolated from the root bark of O. horridus25. The identified sesquiterpenes 
include: neroplomacrol23; neroplofurol23; (S,E)-nerolidol22; trans-nerolidol21,26,27; 
spathulenol26; oplopanone26; α-cubebene26; and τ-cadinol21. Two lupine saponins 3α-
hydroxy-lup-20(29)-ene-23,28-dioicacid-3-O-β-D-glucopyranoside and 24-nor-3-oxo-
lup-20(29)-en-28-oic acid-28-O-α-L-rhamnopyranosyl(1’’’  4’’)-β-D-
glucopyranosyl(1” 6’)-β-D-glucopyranosideand 3α-hydroxy-lup-20(29)-ene-23,28-
dioic acid, a lupine aglycone were isolated28. Lignin23; stigmasterol27 and sesamin25 have 
also been reported to be present in O. horridus. These compounds in addition to many 
others in a various degrees of purified extracts have been associated with different 




 Cell culture studies are frequently used to determine the effectiveness of 
phytochemicals on specific cell lines in vitro. In vitro assays focused on biological activity 
of O. horridus derived phytochemicals include: apoptosis assays21,29 cell cycle assays21,29 
cell cycle analysis utilizing flow cytometry30  cell proliferation assays29,31,32, cell 
differentiation assays including both differentiation into granulocyte lineage by nitroblue 
tetrazolium (NBT) reduction assay31 and differentiation into macrophage/monocyte 
lineage by non-specific esterase (NSE) activity assay31, inhibition of lipopolysaccharide 
(LPS)-activated nitric oxide (NO) production by RAW264.7 cells31 and cyclin A assays29,  
microplate alamar blue assays (MABA)23,33.  Many different cell lines that have been used 
in screening bioactive phytochemicals from O. horridus include: leukemia (K56230 and 
HL6030), breast cancer  (MCF729,30), colorectal cancer (SW-48029, HCT-11629, and HT-
2929), ovarian cancer (A278030, A2780CP7030, OVCAR330,  OVCAR1030), and lung 
cancer (non-small cell lung cancer cell line29,34). In addition to in vitro cell culture assays, 
antioxidant tests are also frequently used in selecting bioassay guided fractionations in 
order to screen bioactive phytochemicals in a high throughput capacity. 
 Due to the complexity of natural products with a large number of structural classes, 
chemical intermediates, and diverse array of structural isomers, the successful isolation and 
separation of single molecules is a challenge. To best address the complexity of natural 
product separations, there is typically a lengthy isolation protocol beginning with selective 
extraction and subsequent sample clean up prior to multiple steps of chromatography and 
spectroscopy to verify the identity of compounds of interest from a complex natural product 




purifications but with the advances in hyphenated high throughput screening methods, 
selective sample extraction, improvements in chromatography, detection, and 
identification, the time to identify and structurally characterize compounds has dropped 
drastically.  
 
Bioprospecting: Searching for Bioactive Compounds and Drug Leads  
The use of health promoting phytochemicals in either a chemopreventative or 
chemotherapeutic manner through adequate dietary consumption or through 
supplementation requires understanding of the modes of action and actual dosage level in 
vivo. Phytochemicals must have the ability to be sufficiently absorbed, metabolized, 
distributed, and excreted in order to promote human health. Therefore, the purpose of 
ingesting phytochemicals in either a chemopreventative or chemotherapeutic manner must 
be understood at the onset of a regimen as the associated risks and rewards for treatment 
can vary significantly. It is required that the chemopreventative phytochemicals consumed 
by the general population are typically associated with minimal toxicity if taken daily in 
addition to contributing to little or no side effects. However, a pharmacological dose of 
chemopreventative phytochemicals (which have higher doses) might have a greater 
associated risk of side effects in the higher dose.   
Natural products have served as a valuable source of therapeutic medicines as 69% 
of the anticancer therapeutic drugs approved between the 1980s and 2002 were natural 
products or derived from knowledge gained through studies of natural products35. The 




highly specified receptors, resulting in subsatisfactory results when applied in a clinical 
setting36. For instance, the application of multiple compound treatments can exhibit 
additive and synergistic effects between the phytochemicals. These synergistic 
multicomponent interactions have resulted in newer treatments that focus on multi-
component drug therapy in treatment of pleiotropic disease for its advantages over 
monotherapies37. Plants have the ability to synthesize highly complex mixtures of 
compounds. These mixtures are composed of molecules with different functionalities 
which permit a rapid, semi-targeted defense mechanism; additionally, adjusting the 
composition of these mixtures can result in an increased defense duration38. The application 
of synergistically interacting drug therapies would decrease drug resistance of cancer cells 
by interacting with multiple target sites rather than a single site, resulting in lower treatment 
doses of single compounds due to their increased activity36. 
Although there may be positive interactions within the effectiveness of multi-
component drugs, the associated interactions between phytochemicals may have either 
positive or negative interactions. This mandates exhaustive understanding of their effects 
on toxicity, mutagenicity, carcinogenicity, side effects, etc.39. There are many possible 
drug-drug interactions which must be critically understood when considering applying 
multi-drug formulations in a clinical setting. The following interactions should be of 
primary focus when considering multicomponent therapy: circumvention of multi-drug 
resistance mechanisms, transportation properties across membranes, drug degradation 
prevention, and cell signaling cascades associated with xenobiotic compounds entering a 




O. horridus, very few instances focus on the purification of aromatic molecules with 
ionizable functional groups and fail to describe both the structure and biological activities 
associated with the purified molecules.  
 
In Vitro Antioxidant Assays 
The use of in vitro assays offers a much more selective and cost effective means of 
screening for biological or enzymatic activity compared to animal studies in the early 
stages of drug discovery. In preliminary screening of plant extracts, and/or their inherent 
bioactive phytochemicals, there are a number of proposed targets that can be chosen for 
evaluation. Microorganisms, invertebrates, subcellular systems, animal or human cell 
cultures, isolated vertebrate organs, or whole animal testing can be performed.  
Cancer cells exhibit increased aerobic glycolosis and oxidative stress resulting in 
increased levels of reactive oxygen species (ROS) and reactive nitrogen species (RNS) 
intracellularly which provides a means of cell differentiation compared to normal cells. In 
healthy cells, ROS levels are balanced by generation and elimination by a variety of means 
including small scavenger molecules (vitamins C, E, A, flavonoids, flavonols, and so 
forth), primary enzymes (manganese, copper, zinc superoxide dismutases, peroxiredoxins 
(PRDXs), catalase, glutathione peroxidase (GPx), thioredoxins (TRXs), secondary 
antioxidant enzymes (glutathione reductase and glucose-6-phosphate dehydrogenase) as 
well as enzyme systems (glutathione, glutaredoxin and thioredoxin)41-43. ROS are not 
always a problem since the human body has a series of defense mechanisms to regulate 




reactions involving oxygen44. ROS are produced in mitochondria as a by-product of 
cellular respiration45, as well as by NADPH oxidase enzymes (Nox1, Nox3, Nox3, Nox5, 
Duox1 and Duox2)46. The intentional generation of ROS is a general feature of many 
tissues47.  
Oxidative stress occurs when the levels of prooxidants (i.e. ROS, RNS, free 
radicals) relative to antioxidants in homeostasis are disrupted due to a decrease in 
scavenging capacity, or an increase of ROS or RNS production are shifted in favor of 
prooxidants48. Molecular oxygen in a ground state is a triplet molecule which has two 
unpaired electrons in its valence with the same spin. Once one of the unpaired electrons is 
excited and undergoes a spin change, the resultant singlet oxygen is a radical that can react 
quickly with other pairs of electrons to reach a lower energy state. Common ROS include 
singlet oxygen (1O2), superoxide anion (O2
-•), peroxyl (RO2•), alkoxyl (RO
•), HOCl, 
peroxynitrite (ONOO-), hydrogen peroxide (H2O2), and a hydroxyl radical (OH•)
44,49. 
Radical species in low concentrations may have a role in intracellular signaling, but large 
increases from homeostatic levels can cause damage to DNA, lipids, proteins, and 
polysaccharides or even result in apoptosis50. The shift in regulation of ROS homeostasis 
has a role in many physiological conditions including aging, angiogenesis, atherosclerosis 
and cancer42.   
 Free radical scavenging by antioxidant compounds depends largely on the 
arrangement of functional groups on its base structure since their number and configuration 
can remarkably influence their antioxidant activity and has been demonstrated in structure 




differentiation as cancer cells which generate and maintain higher levels of ROS develop 
a redox adaptation that permits them to survive and promote cell survival and resistance to 
a number of anticancer therapeutics41. As carcinogenesis progresses and reaches an 
advanced stage, cancer cells show an increase in ROS generation which promotes genetic 
mutations which may in turn promote more ROS generation41. As the state of free radical 
scavenging changes in the life cycle of a cancer cell, there are many antioxidant systems 
which can be used for evaluating the efficacy of isolated bioactive compounds in a system 
and track the associated changes as a function of cellular stress. 
Many antioxidants exist in nature and serve as preventative measures to quench radical 
species in the body preventing the harmful effects of lipid oxidation, protein oxidation and 
DNA damage55. Evaluation of ROS quenching capacity and associated antioxidant activity can 
be classified into three methods including: (1) indirect methods, (2) methods involving lipid 
oxidation metabolites, and (3) scavenging ability of an antioxidant to quench radicals in a 
system. Important characteristics of antioxidant based assays include the selectivity, 
robustness, accuracy of quantitation, limit of detection, and ease of performing the assay. Many 
antioxidant tests exist to evaluate different characteristics of the overall antioxidant profile of 
a plant extract, including: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) 
assay,  anisidine value, 1,1-diphenyl-2-picryl-hydrazyl (DPPH) test, electron spin resonance 
(ESR) spin-trap test, ferric reducing antioxidant power (FRAP), Kreis test, peroxide value 
(PV), phycoerythrin assay, thiobarbituric acid reactive substances (TBARs), total phenolic 
content (TPC),  total radical trapping antioxidant parameter (TRAP), trolox equivalent 
antioxidant capacity (TEAC), and oxygen radical absorbance capacity (ORAC), etc.56-58. There 




tested can become an issue as some lipophilic antioxidants such as vitamin E can be best 
determined using a means of peroxide and malondialdehyde methods of low density 
lipoprotein analysis58. Although chemical antioxidant activity assays evaluate specific pieces 
of an antioxidant profile of phytochemicals, there is an obvious limitation in that they do not 
sufficiently mimic the complexity that is found within biological systems leading to the 
development and application of cellular antioxidant activity (CAA) method59. The 
improvements of antioxidant analysis using CAA to better mimic an in vivo antioxidant effect 
can also permit analysis of structure activity differences associated with different functional 





There are many different approaches that can be taken in the process of extraction 
and isolation of bioactive natural products. Most frequently, hyphenated liquid 
chromatography techniques are employed using solvent extraction, chromatographic 
separations, and biological assays as a measure of preliminary screening. Once possible 
leads are identified, the process of scaling up to generate the weight of compounds required 
in a short time scale is required to perform structure elucidation and bioactivity testing. 
Popularly, this bioactivity guided fractionation (BAGF) approach leads to the highest 
throughput with the maximum probability of generating “hits” or useful lead compounds 




chromatographic and bioactivity tests at varying stages assists in the identification of active 
molecules in the most efficient means possible. 
Isolation of natural products from plants is principally achieved through solvent 
extraction to separate the desired compound(s) from the tissues. There are a number of 
factors that affect the ability of a separation system to extract compounds from a plant 
matrix including: solubility, acid/base properties, charge, stability, and size.  Frequently, 
maceration, percolation, Soxhlet extraction, and supercritical CO2 are used to extract 
compounds with each extraction method offering its own unique advantages and 
disadvantages. Maceration (dry or wet products) allows for extraction of thermolabile 
compounds by soaking the starting material in solvent. Maceration is largely scalable to an 
industrial scale although it offers decreased extraction percentage and requires longer 
extraction times. Percolation is also a largely scalable extraction method that offers 
improved extraction efficiency by boiling solvent to penetrate and flow through the sample. 
Soxhlet extraction can be used with a variety of solvents for natural product extraction and 
offers high extraction efficiency regardless of its common extraction capacity of a few 
grams and can be scaled to 500 g or more of plant material within 18-24 hours per-
extractor. Soxhlet extraction is a semi-continuous extraction method in which organic 
solvent is evaporated, condensed and drips down into the extraction chamber to extract the 
plant material until the solvent reaches to the top level of the siphon neck and the solvent 
containing the plant extract returns to the round bottom flask. The advantages of the method 
include: constant extraction with fresh solvent, no required bulk filtration of extract, 




disadvantages include the possible degradation of thermolabile samples and decreased 
extraction selectivity if a single solvent system is used. Supercritical carbon dioxide (CO2)
 
extraction uses a combination of elevated temperatures and high pressures to extract 
compounds with low to medium polarity with high efficiency and decreased cost/hazards 
associated with traditional organic solvents. However, in regards to extraction of polar 
compounds, organic modifiers have to be added to improve their extractability although 
the volume of organic modifier required is much less than traditional solvent extraction. 
Regardless of the initial high cost of investment in the equipment and infrastructure, the 
long term cost benefits and scalability of supercritical CO2 offers a better return on 
investment than many other traditional extraction mechanisms. Additionally, since the 
extraction solvent is primarily industrial quality CO2, the process is more environmentally 
friendly and operation is much cheaper to operate and poses less risk associated with 
flammability compared to than bulk quantities of organic solvent, particularly in large scale 
production of extracts.  
 
Overview of Chromatographic Techniques 
Many chromatographic techniques can be employed for separation of mixtures, 
principally consisting of liquid-liquid and solid-liquid chromatographic methods. The 
former include: countercurrent distribution chromatography (CCDC), droplet 
countercurrent chromatography (DCCC), rotation locular countercurrent chromatography 
(RLCC), centrifugal partition chromatography (CPC), and centrifugal countercurrent 




in research labs for their ability to effectively partition mixtures into narrow polarity bands. 
Despite its increase in popularity, it still represents a small fraction of the total number of 
extraction and separation systems used for purifying complex mixtures. The solid-liquid 
chromatographic methods dominate the majority of purifications.  
Commonly employed solid-liquid chromatography techniques for natural product 
separations include planar chromatography, column chromatography, vacuum liquid 
chromatography, and pressurized liquid chromatography. Predominantly used planar 
techniques include thin layer chromatography (TLC), and centrifugal thin layer 
chromatography (CTLC). Two of the main differences in the various forms of column 
chromatography exist in the resolution and operating pressure of the instrumentation. Open 
column chromatography typically involves the use of relatively large particles (~200 µm) 
or larger and relies upon the force of gravity to draw the solvent through the media bed. 
This type of traditional chromatography has been replaced predominantly due to the large 
consumption of solvent, and relatively poor resolution due to a very low surface area to 
volume ratio of the particle packed columns. TLC is more and more frequently replaced 
by various forms of pressurized liquid chromatography including solid phase extraction 
(SPE), flash chromatography (FC), low pressure liquid chromatography (LPLC), medium 
pressure (MPLC), high performance (HPLC), and ultra-performance (UPLC). The 
efficiency and resolution of the different types of liquid chromatography is largely 
dependent upon the pressure limits of the columns and instrumentation used to perform the 
separations. Vacuum SPE as well as pump driven FC, LPLC, and MPLC all typically 




to HPLC (3-20 µm) or UPLC (<3 µm) phases. HPLC is commonly used in analytical 
chemistry, biochemistry, chemical engineering, pharmaceutical production, and medicinal 
chemistry applications for the separation of complex mixtures. HPLC is typically operated 
with backpressure limits of less than 5000-6000 psi and uses fully porous, semi-porous, or 
monolithic columns for separations. UPLC is at the forefront of technological applications 
of sub 3 µm spherical particle applications. It offers far better resolution than HPLC by 
using particle phases with a greater surface area to volume ratio translating to higher 
resolution although at a cost of higher backpressure.  
The application of these different LC methods are developed for separation of 
chemicals at either nano scale or analytical scale and then scaled up to a preparative scale 
when more weight throughput is required. A major shortcoming of developing methods 
incorporating UPLC is that scale up to preparative or process scale separations is not 
currently possible. Therefore, HPLC methods are optimized at analytical scale to model 
separations that will be eventually transferred to preparative scale. Given the absence of 
preparative UPLC equipment at the present time, HPLC instrumentation dominates the 
world of preparative and process chromatography in addition to simulated moving bed 
(SMB) chromatography.  
 
Traditional Single Dimensional HPLC 
A typical one dimensional (1D) HPLC is characterized by a hardware controller, 
solvent bottles, low and high pressure tubing, a vacuum or helium sparge degasser, high 




or more detectors, and a computer equipped with software to analyze the data. The pump 
configuration can be installed in multiple configurations, but commonly low pressure 
gradient elution using solenoid valves and coordinating with the pump plunger speed 
switch open or closed to allow one pump to be compatible with up to four mobile phase 
components. Another popular configuration is binary or ternary high pressure mixing. In 
this case, one pump is needed for each mobile phase which then interfaces a high pressure 
union and static mixer in order to suitably homogenize the mixture prior to introduction to 
the injection valve or column. The mobile phase (solvent) is pumped through the injection 
valve, loading a sample and separating it on the column where a variety of mechanisms for 
retention are employed and then a more purified group of compounds are eluted from the 
column and detector. Retention times are a characteristic of eluting compounds that are 
dependent upon flow rate, interactions between the compounds being separated, the 
stationary phase and the mobile phase composition. 
 
Principle modes of HPLC 
Commonly employed HPLC stationary phases used in natural products research 
include normal phase (NP), reversed phase (RP), ion exchange (cation exchange, anion 
exchange, mixed mode), size exclusion, inverse size exclusion and affinity stationary 
phases. The two principal modes of HPLC are referred to as NP or RP chromatography. 
Normal phase chromatography is characterized by a polar stationary phase operating with 
a non-polar mobile phase typically consisting of hexane or chloroform as the weaker (A) 




methanol, or methylene chloride. Normal phase particles typically employ silica particles 
with exposed silanol (Si-OH) or small polar (amine, cyano, diol, etc.) groups bonded to the 
silica support. While NP chromatography can provide good selectivity, the silanol groups 
often cause excessive band broadening of certain types of molecules. An additional 
downside to NP chromatography is that it consumes large quantities of expensive highly 
flammable organic solvents. Commonly, in both NP and RP chromatography, pH modifiers 
(trifluoroacetic acid, acetic acid, formic acid, ammonium hydroxide) and or buffers 
(phosphate, ammonium phosphate, ammonium acetate, potassium phosphate) are used. 
In contrast to NP, RP columns consist of a nonpolar stationary phase operating with 
a polar mobile phase.  The reversed phase mobile phases are primarily aqueous based weak 
solvent (A) and stronger eluting organic such as methanol, acetonitrile, tetrahydrofuran, or 
acetone (B).  Some of the most popular reversed phase HPLC column chemistries include 
C4, C8, and C18 with a larger preference for C18 out of the three. Due to the nature of their 
hydrophobic tail structure that extends from the surface, they are typically run in aqueous 
and organic mobile phases (A and B) respectively, although there are some special 
applications where nonaqueous RP chromatography is used.  
 Due to the complexity of many natural products where isomers and complex 
aromatic ring structures are common, there has been a need for increased resolution of 
closely structurally related compounds. Popular options of aromatic selective RP columns 
include C6-phenyl, biphenyl, diphenyl, and pentafluorophenylpropyl (PFP) phases which 




each ligand. In contrast, the development of chiral chromatography operates primarily 
using normal phase solvents and is ideally suited for isomeric separations.  
 
Single Dimensional HPLC Peak Capacity 
Single dimensional (1D) chromatography, the traditional approach in the separation 
of complex mixtures, is often limited by resolution of analytes, or requires extensive 
analysis time and solvent consumption to obtain a critical separation60. Peak capacity is 
defined as the maximum number of peaks that can be successfully resolved with a value of 
1.0 from each neighboring peak for a defined separation space (between first and last peak 
of interest)61. In practice, application of peak capacity is typically defined either as the 
sample peak capacity or system peak capacity. Sample peak capacity includes retention 
change effects when experimental conditions are changed so it will increase when the time 
between the first and last eluting compounds increases62. Conversely, the system peak 
capacity is defined by an unretained tracer compound and the final peak of an arbitrary 
large capacity factor62. Due to the impact of the average number of theoretical plates 
generated by a particular HPLC column for a given separation, the mode of operation, and 
retention mechanisms employed, many factors must be considered in optimization of a 1D 
separation. The predominant limitation to 1D peak capacity is the reliance upon a single 
separation column using either isocratic or gradient elution. In order to successfully resolve 
samples, the number of components should not exceed 37% of the system peak capacity, 
otherwise peak resolution becomes statistically compromised63. The retention distribution 




classes of compounds and their differences in retention to the applied stationary phase. 
Additionally, when the sample being analyzed is composed of a mixture of structured 
series, 1D chromatography in addition to basic statistical models cannot successfully model 
retention of overlapping compounds64. In order to overcome the shortcomings associated 
with a single stationary phase, separations of complex samples have typically been run on 
relatively long (250-300 mm) columns packed with small particles (≤5 µm) for small 
molecule separations. While one obvious method to increase 1D peak capacity is to double 
the length of the column, this results in an increase in peak capacity by only 40% while 
doubling the run time65. In order to improve 1D peak capacity, the main solutions are: 
increasing operation pressure of the instrumentation and using smaller particles (UPLC), 
increasing the selectivity of the stationary phase, improving the properties of the column 
packing material and improving packing methods of columns. Improvements in the design 
of the stationary phases, improved packing methods, and implementation of surface 
modifications have resulted in more robust columns with extended lifetimes and improved 
efficiency.  
 
Increasing Instrument Operation Pressure  
A desire to increase the resolving power of 1D chromatography by increasing the 
surface area to volume ratio by decreasing the particle size places the limiting step of 
application to the design of the pumping system and pressure stability of fittings. Increasing 
the operating backpressure from 6000 psi to more than 15,000 psi enables faster run times 




packed with 3 µm fully porous particles pushed the upper threshold values of HPLC pumps 
and were a limiting step due to their backpressures. However, redesign of the pump and 
associated components has alleviated the 6000 psi maximum pressure limit of analytical 
instrumentation. When UPLC instrumentation entered the commercial market, the 3 µm 
particles were no longer pushing the upper pressure limits of the equipment, and so the 
columns packed with smaller particles entered the market to further increase resolving 
power of UPLC columns. Then, 2 µm particles became a standard reference, and now the 
entering of semi-porous particles has decreased the particle size further from 1.7 to 1.3 µm. 
Limitations of the scalability and application of UPLC however, is one of the reasons that 
HPLC still predominates in industry and academia. 
 
Improving the properties of the column packing material 
HPLC columns are typically packed with stationary phase in a variety of formats 
including fully porous particles, semi-porous particles, monoliths, and polymer fibers. The 
predominant phases used are typically fully porous and semi-porous particles, although 
monolithic columns have gained popularity especially in analysis of viscous substances 
and biological matrix extracts. Each stationary phase has its own advantages and areas of 
optimal application.  Fully porous particles are typically found in 5 or 3 µm particles for 
analytical HPLC while in some preparative situations 10, 15, or 20 µm particles are also 
used.  
Advancements in particle design led to the development of semi-porous particles 




particles contribute less to system pressure drop compared to fully porous particles of the 
same diameter. Additionally, semi-porous particles suffer less eddy diffusion and have 
higher resolution than their fully-porous counterparts. Decreasing the particle size results 
in flatter Van Deemter Curves and a shift in the minima to higher flow rates. Transcolumn 
eddy diffusion of semi-porous particle packed columns is also small due to higher 
homogeneity across the column diameter66. The decreased backpressure in semi-porous 
particle packed columns results in the ability to use 2.6 µm semi-porous particle phase 
columns without having to change to UPLC equipment. The ability to use sub-3 µm 
particles provides chromatographers improved resolution at HPLC operating pressures. 
The benefits of semi-porous particles outweigh the decrease in loading of the columns and 
can result in scalable columns suitable for method transfer from analytical to preparative 
flow rates and loading. Monolithic columns are made from synthesized silica supports that 
contain macro and meso pores which allow the possibility for high flow rates (up to 9.0 
mL min-1 for 4.6 mm i.d. column), very high (~80%) permeability, and fast 
reequilibration67,68 . Their use in biological matrix analysis is high due to the popular dilute 
and shoot approach, which alleviates common multistep sample preparation67.  
 
HPLC Detection and Identification Methods 
The detection and identification of extracted natural products is critical throughout 
the entire process of extraction, purification, and ultimately the characterization of 
compounds. During initial screening and crude separations it is common to detect 




array detectors (DAD), refractive index (RI) detectors, evaporative light scattering 
detectors (ELSD), and mass spectrometers (MS) coupled to an HPLC although there are 
other less popular detection methods. The use of a detector such as an MS, which is both a 
universal detector and has high sensitivity (sample component detection to picogram 
levels) permits detection of compounds that may otherwise be undetected.  The use of a 
UV detector is reliant upon chromophores in the analyte and is not always suitable 
depending on the sample. Additionally, the UV cutoff point of some solvents, is above the 
optimal selective absorbance wavelength of some chromophores.  
During the initial screening phases of a crude natural product mixture, using 
detectors such as a DAD (presence of chromophore) and ELSD (used if no chromophore) 
can provide information about the UV absorbance spectra (or lack of) when eluting 
compound pass through the detector. While a single or multichannel UV detector is the 
most common HPLC detectors, detection of compounds lacking a chromophore is not 
possible. UV detectors can provide some initial screening for the separation effectiveness 
and partial determination of coeluting compounds in particular when a DAD detects the 
entire UV-Vis spectrum. The chromatographic absorbance spectra that can be obtained 
from a DAD are useful in generation of databases for de-replication screening of natural 
products. This can be used for comparing sample spectra to reference compounds to help 
save time and money in purification of known compounds. UV detection provides much 
less information about sample compounds compared to other detectors such as MS or 
nuclear magenetic resonance (NMR). UV spectra alone cannot differentiate between 




Mass spectrometers provide the ability to determine compounds based upon their 
ionized fragmentation patterns and provide much more information about the nature and 
structure of a compound. This is due to the ability to compare specific mass to charge (m/z) 
ratios across the time dimension of recorded mass spectrum to screen for co-eluting 
compounds. Frequently, ionization of molecules in natural products research including 
electrospray ionization (ESI), matrix assisted laser desorption ionization (MALDI), 
electron ionization (EI), chemical ionization (CI), atmospheric pressure chemical 
ionization (APCI), fast atom bombardment (FAB). Electrospray ionization mass 
spectrometry (ESI-MS) is used to ionize and detect low molecular weight (<2000 Da) 
compounds when coupled to an HPLC due to its high sensitivity and analysis of picomolar 
compound concentrations. HPLC-ESI-MS is commonly used for generation of data sets in 
dereplication studies because it provides identification of molecules based upon their mass-
to-charge ratios after ionization. Additionally, due to the soft ionization of ESI, it is the go-
to choice of multidimensional MS instruments with in cell collision for multiple reaction 
monitoring and trapping of analytes to gain structural information based upon their 
fragmentation of substituent ions from the first ionization step. Although ESI represents 
the preferred ion source, the MS conditions such as positive or negative ionization must be 
considered at a particular pH of mobile phase which requires multiple prior analyses to 
identify suitable MS parameters69. A shortcoming of ESI is that it has decreased 






Multidimensional HPLC  
Multidimensional HPLC Overview 
Multidimensional (MD) HPLC offers a practical solution when 1D HPLC reaches 
a bottle-neck where chemical purification cannot meet purity within practical time limits, 
or results in excessive downstream processing steps. MD HPLC can provide a much more 
effective means of resolving structurally similar compounds in a shorter amount of time 
with higher purities than single dimension chromatography could offer. While there is no 
specific limit to the number of independent separations that can be coupled, there are some 
practical constraints which limit separations to the most common form—two dimensional 
(2D) HPLC. The development of 2D HPLC was driven by the chromatographers to combat 
the challenges associated with complex samples and focused on achieving high peak 
capacity, good dynamic range of sample throughput, reproducible separations, sensitive 
detection, and adequate throughput65. The appeal of 2D HPLC, the multidimensional 
approach described herein, is the increase in total peak capacity compared to 1D 
separations. It is of utmost importance to attempt to achieve the following principles of an 
ideal system in practice: first, orthogonal separation mechanisms should be used, and 
secondly, there should be no loss of resolution from the first dimension to the second 71,72. 
Otherwise, the total peak capacity gain may not result in sufficient improvement over one 
dimension separations. 
A 2D HPLC has the same basic components (pumps, controllers, columns, etc.) as 
two single HPLC instruments as well as a modulation mechanism (online 2D) to transfers 




that can be fully automated use either complete transfer (comprehensive) or a portion 
(heart-cutting) of the first dimension eluent directly (online) or indirectly (offline) prior to 
separating in the second dimension68,73-76. Frequently, a first dimension detector is only 
used for method development, and then the detection of eluted compounds becomes a 
function of the first dimension retention, modulation time, and retention in the second 
dimension. The twice resolved data is plotted in 3D surface plots or in 2D contour plots. A 
key relationship identified is that structurally similar compounds will retain similarly and 
the plots can be used to identify groups of compounds. This is of key use in identification 
of isomeric compounds and coeluting compounds that would otherwise not be identified 
in 1D HPLC. Depending on the means of detection, the amount of information available 
to further qualify and quantify the compounds and their purities then comes into effect. In 
2D HPLC, detection is primarily either MS, or DAD, or a combination of the two. The use 
of these detectors allows for peak purity analysis studies involving at least 5 sampling 
points per peak and comparison of 3-5 wavelengths (DAD) or their mass spectrum using 
multiple mass to charge (m/z) ratios. 2D HPLC with MS detection allows for the addition 
of a 3rd dimension of data since the online coupling of an ESI-MS is considered to be an 
additional separation dimension due to the detection mechanism recording individual m/z 
values as a function of time enabling dereplication of complex analytes based on m/z65,77.  
 
Origins of Multidimensional Column Chromatography  
The necessity for multidimensional chromatography can be best understood as a 




matrices with decreasing sample preparation steps. In order to achieve this, coupling of 
high resolution columns with differing phase selectivity has been able to successfully 
separate highly complex mixtures into purified components using column chromatography. 
This approach was pioneered by Erni and Frei (1979) who established the starting point for 
2D column chromatography by defining the use of on-line and off-line approaches to 2D 
LC78. This work served to lay the foundation for 2D devices until Bushey and Jorgenson’s 
work presenting a comprehensive 2D LC system using a cation exchange x SEC for 
separation of proteins79. In the past fifteen years, there has been an increased application 
and use of 2D HPLC especially in the field of proteomics and a large number of 
publications focusing on theory, speed, performance, implementation, and applications 
have been published60,65,68,70,71,73,74,76,80-127. In particular, the application and potential 
resolving power of 2D HPLC has been described well previously68,71,72,105. The advantages 
of 2D HPLC, however do not always provide an improvement over 1D HPLC until the 
point sample complexity reaches a certain threshold that is sample specific.  
 
Approaches to 2D HPLC 
In multidimensional chromatography, and in particular 2D HPLC, there are three 
primary means of pairing the two dimensions in terms of instrument design:  off-line, on-
line, and stop-and-go68. The primary differences between the configurations are: the means 
through which the first dimension eluent is transferred to the second dimension as a 
function of time, throughput, and peak capacity. Each of the three formats of applying 




parameters as well as benefits resulting in total peak capacity improvements over 1D HPLC 
when properly optimized.   
 
Off-line 2D HPLC 
Off-line 2D HPLC is the easiest form of 2D HPLC to perform in that it has the least 
restrictions and practical to implement. A single HPLC instrument can be used to perform 
the 1D separation and then collect fractions in an applicable form factor (96 well plate, test 
tubes, bottles etc.) and store them until subsequent injection. Off-line 2D HPLC places 
little requirement for automation and complex time and detection processing and enables 
longer run times for both dimensions since there are no fixed time limitations. This can 
result in operating in optimal flow rate conditions for both dimensions resulting in the 
highest overall peak capacity. The lack of a time constraint allows for fractionation and 
subsampling to be optimized and allows for storage of fractions until injection into the 
second dimension. Due to the ability to run the two dimensions independently with 
differing time axes not restricted by modulation time as in on-line 2D HPLC, peak 
capacities can approach/exceed 10,000 using optimized off-line 2D HPLC105. The 
requirements however for achieving such a high peak capacity is as a consequence of time, 
high possibility of contamination, low analytical reproducibility and as such, implementing 
this form of modulation must be carefully considered105. Means through which to optimize 
both dimensions and the application of the 2D off-line separation are thoroughly outlined 





Stop-and-go 2D HPLC 
Stop-and-go 2D HPLC involves eluting the components from the 1D column into 
the modulation apparatus, and then stops the first dimension flow while the second 
dimension is analyzed. Advantages are that the increase in second dimension run time can 
be considerably longer than on-line 2D format and all of the sample eluted from the first 
dimension can be analyzed in the second dimension. Negative side effects of flow pulsing 
and extended time peak parking on the 1D column when applying peak parking in stop-
and-go 2D HPLC result in a decrease of the overall efficiency of the 1D separation66,99,128-
130. Despite their drawbacks of extended run times, and loss of 1D separation resolution, 
stop-and-go 2D separation is still a popular choice for very complex samples such as those 
found in proteomics and metabolomics. 
 
On-line 2D HPLC 
On-line 2D HPLC incorporates transfer from the first dimension eluent into the 
second dimension in sequential transfers based upon the means of transfer either through 
loops or trapping columns. The dependence of on-line 2D HPLC on the modulation rate 
means that on-line 2D HPLC puts tight time constraints on the second dimension to load, 
elute, and re-equilibrate prior to subsequent injection. A downside of on-line 2D HPLC is 
that the modulation time governs the second dimension and some operating parameters. 
Relatively low peak capacities (ca. 1500) are achievable with on-line 2D HPLC62 although 
improvements in chromatographic technology have boosted this value.  This results in 2D 




line 2D HPLC. Operating in either comprehensive or heart-cutting fractionation mode will 
also define the time restrictions and constraints on modulation period of the 2D system and 
will be further elaborated upon. Application of automated on-line 2D HPLC permits 
increased recovery and operator safety, while decreasing solvent use, fraction 
contamination, labor, and human error which is of critical concern in purification processes 
where impurities must be reported and identified at low concentrations (i.e. 0.05 or 0.1% 
respectively) in pharmaceutical profiling74,117.  
 
On-Line 2D HPLC Modulation Mechanism 
Modulation time is the frequency at which samples from the first dimension are 
transferred into the second dimension. This is the period during which the second 
dimension is loaded, separated, and re-equilibrated prior to subsequent loading. The valve 
and plumbing configuration used for transferring the 1D eluent to the 2D column can vary 
in configuration and are typically built for a particular application solution. Popularly, 
aftermarket 6, 8, or 10 position valves are used, although instrument manufacturers are 
improving the availability of valves designed specifically for 2D HPLC. The ability to 
successfully transfer eluted compounds from the first dimension into the second is reliant 
upon operational conditions of the two dimensions as well as the means fractions are 
transferred between dimensions. There are two main approaches to introducing the samples 
from the first dimension into the second dimension. Popular options are sample loops75,125 
or trapping columns106. They both have their own advantages and unique characteristics 




distortion caused by the extra column volume must be minimized to maintain as much first 
dimension resolution as possible to maximize overall peak capacity. 
 
Loops 
 High pressure loops offer the easiest form of introducing the eluent from the 1D 
column into the second dimension and can be implemented in either 4 6-position valves 
(Figure 1.2) or one 10-position valve (Figure 1.3). In the case of loop loading, it is critical 
that the loop void volumes are the same or discrepancies in retention time will be 
observed97. Additionally it is important that the means for supplying the solvent can 
sufficiently and completely flush the valves modulating the 2D configuration in order to 
ensure all peaks are resolved. One of the advantages of using loops as the means to inject 
onto the second dimension is that it offers the easiest setup to install and work with. The 
total loop volume will in turn dictate the maximum duration of the modulation time in 
which the second dimension column can perform its separation as a function of the 1D 
flow rate. Additionally, loops can be easily scaled between analytical and preparative 
separations to handle the flow rates and trapping volumes. 
 
Trapping Columns 
Alternatively, trapping columns provide an opportunity for additional selectivity 
and resolution of 1D fractions. Trapping columns can minimize the impact of extra column 




samples into the second dimension comes with additional hardware requirements as well 
as additional factors that impact the overall resolution and peak capacity of the 2D system.  
 
Figure 1.2. Example of (4) 6-port valves for modulating between the first and second 
dimension using high pressure loops A.) 1D eluent loading Loop A while Loop B is 
eluted from the trapping loop onto the 2nd dimension column; B.) 1D eluent loading Loop 
B while Loop A is eluted from the trapping loop onto the 2nd dimension column. 
 
 
Figure 1.3. Plumbing diagram of 10 port valve loop modulation;   A.)  1D eluent loading 




B.) 1D eluent loading Loop B while Loop A is eluted from the trapping loop onto the 2nd 
dimension column 
One of the key problems facing trapping columns is obtaining sufficient retention on the 
trap. This can be problematic depending on the retention mechanism and phase similarity 
between the trapping column and the first dimension.  
There are two main approaches to increasing the resolution of the trapping column 
and obtaining significant retention either using a significantly stronger retaining trapping 
stationary phase or manipulating the elution strength of the mobile phase. The phase of the 
trapping column has been established as the most important characteristic in the process of 
trapping where retention of the first dimension and the trap were vastly different80,131,132 
with trap temperature being a minor contributor131. In popular RP separations, increasing 
the alkyl ligand chain length in the trap (C18 vs C4) compared to the first dimension132 can 
improve retention of analytes. However, this solution is impractical in many RP separations 
where the 1D column is C18. This is due to the limited commercial availability of columns 
with alkyl ligands substantially longer than C18. Additionally, solely relying on the length 
of the ligand to ensure sufficient trapping is not a logical decision when dealing with 
structurally diverse compounds with random retention distributions. This is frequently the 
case in natural product extracts where there are substantial differences in retention between 
eluting groups. Thus, having a much longer alkyl ligand as the trapping phase could lead 
to excessive or irreversible retention of compounds and this is not suitable. As a result, in 
situations where ligand length is applied as the sole means of improving trapping, higher 
carbon loading of the trapping column phase or a smaller particle size may be the only 




trapping column is that it can result in higher pressure drop for the system. Insufficient 
plug trapping and peak focusing on the head of the column will result in broader peaks and 
net decrease of the resolution from the first to second dimension and lower peak capacity. 
Additionally, the particle size of the trapping column and homogeneity of the particle bed 
have an impact on the effect of band broadening and effectiveness of peak parking on the 
trapping column66,99,129. 
An alternative means for obtaining sufficient retention on the trapping column can 
be obtained by manipulating the strength of the mobile phase. Careful consideration and 
various experiments should be carried out to find a suitable diluent mobile phase as well 
as incorporating a static mixer to improve retention and minimize band broadening 
effects74. In order to perform separations with similar first and second dimension phases, 
it is important to employ a suitable diluent mobile phase and appropriate sample trap size. 
In the case of RP x RP separations of natural products, having a suitable trap size and 
diluent, can minimize analyte migration along the trap and permit solvent exchange. This 
is important in the case of different modes of separation between the first and second 
dimension (i.e. HILIC vs RP where the solvent strength is switched in the first and second 
dimension). The diluent stream and trapping column combination also enables solvent 
exchange between the first and second dimension. In separations where there is minimal 
difference in retention of compounds between the first and second dimension, solvent 
exchange or pH modification can be performed in the diluent stream and improve the 






In many cases, it is advantageous to increase modulation time to the largest extent 
without decreasing resolution due to under sampling of the first dimension. One 
opportunity for exploiting this is in the case of heart-cutting 2D coupled with valve 
modulation supporting two alternating 2D columns which can permit an increase in 
modulation time of up to 40%68. This allows for more flexibility in optimizing the 2D 
separation using traditional particle phase columns. Using the maximum volume loop for 
a given modulation frequency and 1D column flow rate can also increase the time between 
successive loadings. Multiple parallel columns can also be used to alleviate back pressure 
on the 2D pump(s) although that requires two columns that are matched for void volume 
and backpressure. 
 
2D HPLC Operational Modes 
Comprehensive 2D HPLC 
In comprehensive on-line 2D HPLC, all components eluted from the first 
dimension are transferred to, and separated on, the second dimension. Comprehensive on-
line 2D HPLC is highly suitable for method optimization for complex samples in order to 
identify analytes of interest prior to scale up to preparative 2D HPLC.  As mentioned 
previously, the primary constraints in comprehensive 2D HPLC are the fast modulation 
times that are required to ensure suitable sampling from the first dimension into the second 
and flow rates and backpressure of the 2D column. There are various approaches to system 




and include operating multiple 2D columns in parallel133-135, using monolithic 
columns68,91,136-138, and employing high-temperature 2D conditions139,140 to allow gradient 
elution conditions in as little as under one min.  
 
Heart-cutting 2D HPLC 
Heart-cutting fractionation, by design recovers only a selective portion of the first 
dimension sample to purify on the second dimension, is considered most suitable and most 
popular for preparative HPLC126. This is due to identification of the target fraction(s) of 
interest being identified at analytical scale using comprehensive 2D operation. Heart-
cutting facilitates increasing the distance between successive cuts onto the second 
dimension. This directly results in opportunities to increase the modulation time. An 
increase in the modulation time, provides more flexibility and resolution in the second 
dimension. This enables the use of more optimal (lower) 2D flow rates, and longer gradient 
method re-equilibration. This is particularly important when fully-porous or semi-porous 
particle based columns are used which require longer re-equilibration and have much 
higher operating pressures compared to monolithic columns. 
Additionally, once the key fractions are identified, heart cutting fractionation 
allows for optimization of overload conditions which enables improved throughput in 
addition to improving resolution and purity in the second dimension.  Not requiring every 
fraction to be recovered allows for extended modulation times beyond that of 
comprehensive 2D because of manipulation of the 1D separation. Many instrument 




outputs of various detectors including UV absorbance and MS m/z ion triggered detection 
which permit improved purities of recovered analytes. 
 
Practical Optimization 
There are many constraints that exist as a result of introducing the eluent from the 
first dimension into the second dimension. This adds to the complexity of 2D method 
optimization since there are so many possible configurations of 2D HPLC. The 
complications have been discussed previously, as well as suitable methods and protocols 
to be followed81,100,120,141. As mentioned previously, those are the modulation time, 
sampling rate, band broadening effects, time constraints, interfacing of the two dimensions, 
column diameters, efficiency of the second dimension column, linear velocity of the 
analyte, and the backpressure limits of the overall system just to name a few. The nature of 
the problems associated with a particular separation are analyte-specific but focusing 
primarily on the following can improve the total resolution and peak capacity of 2D 
separations: minimizing dead volume between columns142, optimizing mobile phase 
composition143, trapping temperature of columns144, and peak re-focusing on the 2D 
column145. Endcapping and pore size are important for low retaining polar compounds to 






2D HPLC peak capacity 
In 2D HPLC, separations the utilization of a MD space is lower than that of a 1D 
space which places requirements on the peak capacity of the 2D separation to be at least 
twice as large as a 1D separation147,148. Additionally, the number of single components that 
a 2D system can separate depends on the distribution of peaks within the 2D space149,150 
and has been suggested as being described as the linear peak capacity83 in order to compare 
between 1D and 2D systems. In order to maximize the peak capacity of a 2D HPLC 
separation, the extra column band broadening in the process of modulation must be 
minimized in order to enable reconstruction of the separation with the maximum 
resolution105,152,153. Despite minimizing the extra column volume in the modulation 
mechanism, there will always be a resulting decrease in the separation capacity of the 1D 
column due to under sampling that is traded for peak capacity gain brought by adding the 
second dimension86,105,115,154.  It has been suggested that in order to obtain maximum 
resolution, sampling of 4-times per 1D peak115 during comprehensive 2D in order to be 
able to sufficiently resolve with higher confidence the absence of impurities coeluting with 
the 1D peak. However, this sampling frequency is higher than the proposed value of 2.2-4 
times the standard deviation of the first dimension peak width105. However, with such a 
high sampling rate from the first dimension, there is a reduction in peak sensitivity in the 
second dimension due to dilution of the sample as well as a reduction in component 
recovery which adds to the complexity of concentration quantitation125.   
Despite some of the complications of installation and data processing and the 




still offer greater peak capacity of complex mixtures when properly optimized. Methods 
that can be followed to increase the 2D HPLC peak capacity have been described 
previously69,83,106,107,155  and apply many of the same practical improvements mentioned 
previously for 1D systems. In addition to simply maximizing, both the 1D separation space 
and the 2D separation space, it is important to optimize the interaction of the two separation 
spaces because that is where the key benefits of 2D are maximized. 
 
2D HPLC Column Orthoganality, Phases, and Design 
In the multidimensional separation space, the formation of patterns can be observed 
and the relationship of retention patterns between the two dimensions can be used as unique 
identifiers of broad classes of compounds. While operating in an expanded 2D space, the 
probability of two compounds eluting with the same retention time in both dimension 1 
and 2 decreases compared to 1D HPLC64,148,149,156, even if the same column are used in 
both dimensions since the second dimension is a subset of the modulation frequency from 
the first dimension. The first and second dimension columns should ideally have very 
different selectivity which translates to orthogonal retention of solutes on the two phases. 
The more orthogonal the 2D columns are, the larger the 2D separation space can become 
due to minimal correlation between the separation mechanisms of the stationary phases 
thus further decreasing the probability of two analytes occupying the same 2D separation 
space157. This would enable the maximum resolving power of the chromatographic system.  
In many experimental conditions, however, there is some retention correlation 




peak capacity and maximum resolution of the two-dimensional system due to the effect of 
correlated retention.  The appeal of 2D HPLC is that the total peak capacity of the 
separation is a function of the product of the 1D (n1) and 2D (n2) peak capacities in fully 
orthogonal 2D systems where the retention mechanism in the first and second dimensions 
are not correlated multiplied by a factor which incorporates how occupied the separation 
space is61.  Completely orthogonal retention mechanisms are not realistic in many 
experimental conditions where sample peaks occupy a random distribution throughout the 
2D separation space. In situations where the 2D separation space is maximized, the 
retention maps for a particular set of columns and experimental conditions can be plotted 
and retention maps can be generated allowing for fast routine analysis104,116. 
However, in situations where the 1D and 2D columns have some degree of 
correlation and maximum peak capacity will not match the maximum theoretical value, 
changing the following chromatographic parameters can still achieve a suitable degree of 
orthogonality: pore size, polarity, hydrophobicity, endcapping, mobile phase, buffer 
system, and/or pH between dimensions61,75,108,126,147,158. Suitable orthogonality has been 
demonstrated between retention mechanisms including popular reversed phase columns 
including (RP x SEC), (RP x SCX), (RP x HI), and (RP x RP)159.  Many pharmaceutical 
compounds contain aromatic hydrocarbons which can be highly useful in the separation of 
structurally similar compounds where conformation changes are directly associated with 
bioactivity and/or bioavailability. The number of aromatic selective stationary phases (e.g., 
C6-phenyl, biphenyl, diphenyl, pentafluorophenylpropyl) has grown and can offer suitable 




2D HPLC69,108,109,160. One good example of this is in RP separations of aromatic 
compounds where the first dimension is run with C18 using water and acetonitrile while 
the 2D column uses a pi-pi selective (i.e. C6-Phenyl, biphenyl, diphenyl, 
pentafluorophenyl, etc.) phase. In fact, the unique selectivity of phenyl containing 
stationary phases has gained popularity due to their ability to perform in high aqueous 
environments and offer unique (although somewhat unknown) retention characteristics. In 
the case of RP x RP 2D HPLC, where the first dimension is run on C18 with water and 
acetonitrile, changing to a phenyl containing second dimension with mobile phase 
consisting of water and methanol can obtain a reasonable degree of orthoganality161,162. An 
important mobile phase change between dimensions not only provides different retention 
characteristics, but also offers improved resolution because acetonitrile decreases the 
impact of the pi-pi interactions163,164. The inclusion of a phenyl structure as part of the 
stationary phase can lead to increased retention of analytes thus requiring a higher 
concentration of organic to elute the analyte from the stationary phase. This increase in the 
amount of organic solvent required to elute the analyte can be highly beneficial in ESI-MS 
as well as contribute to improved signal to noise ratio165,166. 
In instances where 1D and 2D retention mechanisms are different (i.e. NP x RP) 
and may suffer from solvent immiscibility, some of the problems that would be 
encountered can be minimized by using narrower bore 1D column with a larger diameter 
2D column while minimizing injection volume onto the second column85,92,126. Mobile 
phase compatibility can be critical to a 2D separation due to band broadening in different 




isocratic or gradient must have the benefits weighed versus the decreased resolution167,168. 
Other complications may arise where the retention mechanism is significantly different in 
strength between dimensions (HILIC x RP) and must be given careful consideration for 
mobile phase composition and column selectivity.  
In 2D HPLC, monolithic columns have found great popularity in the second 
dimension due to their mass transfer characteristics, faster re-equilibration, increased 
temperature tolerance, and wider pH range compared to traditional particle based 
columns93,105,138. A critical pitfall of established 2D methods using monolithic columns is 
the inability to directly scale the separation from analytical to preparative. Advancements 
in particle based columns have resulted in spherical semi-porous particle based columns 
which consist of a solid core with a porous outer shell93. An advantage of designing and 
optimizing 2D analytical methods using wide pore fully-porous or core-shell particles is 
that they are scalable from analytical to preparative scale and commercially available122,123. 
Despite lower loading capacity, the core-shell particle columns benefit from decreased 
system backpressure and increased resolution as a result of minimizing eddy diffusion. The 
reduction in backpressure has resulted in the ability to use sub-3 µm particle columns on 
HPLC instruments with operational backpressure limits of 6,000 psi. Also, higher flow 
rates and column efficiency can be achieved while maintaining relatively mild (< 50 °C) 
temperature separations without needing to change to UPLC equipment. This is 
particularly important when considering the instrument configuration of a preparative 2D 
HPLC system where applications involve thermolabile compounds. The ability to transfer 




columns presents great opportunity for decreasing the cost of critical purifications by 
increasing throughput, efficiency, and resolution.  
 
Preparative 2D HPLC 
In the scale up from analytical to preparative HPLC level for purification of novel 
compounds that require structural elucidation and extensive bioactivity testing, 2D LC and 
LC-MS driven fraction collection can drastically improve the throughput rate for 
bioprospecting169. Heart-cutting fractionation, by design recovers only a selective portion 
of the first dimension sample to purify on the second dimension, is considered most suitable 
and most popular for preparative HPLC127. This is due to identification of the target 
fraction(s) of interest being identified at analytical scale. On-line preparative 2D HPLC 
separations provides many key benefits over running off-line 2D separations: higher 
throughput, decreased run times, less solvent consumption, less cross contamination, 
higher purities, and automated fraction collection among others. Throughput is improved 
because the time required to dry down samples between successive runs is no longer a 
factor in addition to the fact most on-line separations generally have shorter run times. This 
is of particular benefit at preparative scale and beyond where eluted fractions are in the 
tens to hundreds of mL scale or beyond to meet the demand for tens to hundreds of 
milligram-scale in a relatively short timeframe (few days to a week). Presently, there have 
been few preparative 2D LC methodologies reported in literature76,127,168,170 and currently, 




2014, the only 2D HPLC instruments were semi-preparative scale167,168,170 until preparative 
instrument configurations were introduced into literature75,76. 
The use of core-shell particles in preparative 2D HPLC provides cost reduction and 
improves throughput by incorporating direct method transfer as the ultimate goal of 
analytical 2D method development. The method can be developed knowing the operational 
limitations of the system identified at analytical scale using core-shell particle columns.  
Once the 2D method is optimized, it can then be directly transferred to the preparative 
system using larger diameter columns to recover the purities and weights of compounds 
necessary to achieve the tens to hundreds of milligram quantities needed for structure 
identification or impurity profiling in the timescale required.  
 
Application of 2D HPLC in Bioactivity Guided Fractionation of Oplopanax horridus 
The increased resistance of many cancers to traditional drug therapies has led to 
increased interest in synergic interactions between molecules and the search for therapeutic 
molecules that can serve as treatment medicines in an unmodified form or serve as 
backbones for organic syntheses. As a result, the speed at which biologically active 
compounds sourced from complex sample matrices can be purified at the quantities 
required is a rate limiting step. The advancement of 2D HPLC systems that offer direct 
method transfer between analytical and preparative scales to achieve the throughput of 
isolated lead compounds without losing purity is still in the early stages and requires further 




horridus and even fewer attribute the biologically active secondary metabolites to purified 
compounds. The traditional ethnobotanical importance of this medicinal herb and the 
promising initial studies demonstrate a need for faster throughput in identification and 
screening of active molecules. This application is where the system described herein was 
put to work in real experimental conditions employing a complex sample matrix which 
extends beyond the ideal proof of concept test mixtures used to demonstrate proof of 
concept. The objectives of this doctoral research were as follows: 
 Extract bioactive aromatic compounds from Oplopanax horridus and use 
sequential stepwise purification to purify chemicals for chemical and biological 
evaluations 
 Design and implement a 2D HPLC system compatible with DAD/MS detection that 
is scalable from analytical to preparative 
o Demonstrate application of comprehensive 2D HPLC of basic compounds 
extracted from Oplopanax horridus 
 Evaluate the impact of aromatic selective columns on improving resolution and 
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Sample preparation is one of the most important aspects of developing an analytical 
screening protocol for purification of natural products. The basic steps that are involved in 
profiling bioactive compounds from a natural matrix typically involve particle size 
reduction, solvent extraction, polarity partitioning, analytical and preparative separations, 
and additional spectroscopic techniques that are guided by the results of bioactivity testing 
throughout the purification process to maximize the number of target compounds. Due to 
the complexities of the natural matrix and the complex pathways through which plants 
synthesize secondary metabolites, multistep purification protocols are common to recover 
and identify bioactive extracts. The goals of sample preparation in bioprospecting should 
give careful consideration in order to maximize the number of lead molecules per unit time 
and cost. Frequently, with the growing commercial availability of HPLC and UPLC 
coupled with diode array detection and mass spectrometry (MS), hyphenated techniques 
are often used in the purification of bioactive natural product isolates, resulting in highly 
useful information about purified isolates due to their characteristic UV/Vis spectrum as 
well as their fragmentation patterns in single and/or multidimensional MS. 
Green chemistry techniques, which result in achieving the particular analytes of 
interest as traditional methods while having a much decreased impact on the environmental 




community. Therefore, techniques that are scalable and able to achieve the extraction of 
the analytes of interest while meeting throughput demands and minimizing the waste 
stream generation is highly desirable1. Soxhlet extraction is a conveniently scaled hybrid 
continuous-discontinuous technique that incorporates filtration as part of the leaching 
process of recovering soluble compounds from the sample matrix. Soxhlet extraction 
provides increased sample throughput compared to maceration, since it has an increased 
extraction rate, increased recovery, and shortened extraction times. These throughput 
advantages are attributed to the elevated temperature (relative to ambient) as well as 
constantly introducing fresh solvent from the condenser into the sample chamber where 
the sample is extracted. The cellulose and/or other types of thimbles that contain the sample 
serves to actively filter the leached solutes from the bulk starting raw material. Thus, the 
recovered solvent extract can be directly concentrated without the additional need for 
filtration. However, Soxhlet extraction can only be used for extraction of target compounds 
from solid raw materials. 
In contrast, liquid-liquid extraction (LLE) is suitable for extraction of target analytes 
from solutions. It serves both as a sample clean up step to remove unwanted compounds 
(i.e. chlorophyll and lipids in the hexane subfraction), as well a means to partition the 
extracted compounds into narrower polarity bands. This is a useful partitioning technique 
that facilitates downstream purification. This type partition based on solvent polarity has 
been manipulated and is used in different types of liquid-liquid chromatography systems 




are not as popular as solid-liquid chromatography systems and the majority of purification 
techniques are based on solid-liquid chromatography. 
Contrary to liquid-liquid chromatography, solid-liquid chromatography consists of 
a solid stationary phase and a liquid mobile phase. The most popular form of solid-liquid 
chromatography is HPLC which has a diverse number of operational modes. Popularly, 
reversed phase C18 phases are used with isocratic or gradient elution methods to initially 
screen the retention distribution based upon lipophilic retention. From there, narrower, 
more complicated methods can be developed for optimization of the separation in terms of 
achieving the highest peak capacity. Initially, analytical screening is performed to evaluate 
the analyte retention distribution based on the adsorptive retention. Small scale fraction 
collection is then usually performed to recover particular fractions of the injected mixture 
in order to perform preliminary bioactivity assays to screen for various characteristics such 
as in vitro antiproliferation cell culture assays, enzyme linked immunosorbant assays 
(ELISA) for enzyme interaction, or more generic tests such as antioxidant capacity. 
Bioactivity guided fractionation is a popular technique that integrates bioactivity testing 
and targeted purification in the process of screening phytochemicals. Once bioactive 
fractions are identified, the next step is to collect sufficient quantities of purified isolate(s) 
from the initial crude mixture in the tens or hundreds of milligrams scale. These weights 
are required to perform exhaustive orthogonal separations in order to remove the impurities 
as well as perform molecular spectroscopy. Additionally, there is a relatively high demand 




Solid phase extraction (SPE) is a type of solid-liquid chromatography that offers an 
excellent means for improving analyte resolution and further partitioning of analytes into 
characteristic classes. SPE typically uses 30-60 µm particles and operates in many common 
forms of chromatography (i.e. normal, reversed, ion-exchange, size exclusion etc.) just as 
HPLC. Due to the reproducible and cost effectiveness of analyte recovery, SPE has found 
great popularity as a sample preparation technique prior to HPLC as a result of its 
advantages in reducing background matrix effects and improving ionization while reducing 
baseline noise.  
Experimental 
Sample Information and Preparation for Extraction 
The process flow diagram for extracting, purifying, and characterizing the 
compounds is shown in Fig 2.1. The root rhizome bark of Oplopanax horridus was wild 
harvested in Oregon and purchased from Pacific Botanicals (Grants Pass, OR). Samples 
were collected between June and August 2012 and were air dried to <10% moisture prior 
to being shipped to Clemson, SC for chemical characterization.  Upon receipt, samples 
were placed in laminated film (polyester, aluminum, and cast polypropylene) air tight bags, 
vacuum sealed, and stored at -20 °C in the dark. Prior to extraction, the dried bark was 
ground using a Thomas-Wiley laboratory mill model 4 (Thomas-Wiley, Swedesboro, NJ, 
USA) with a screen size of 2.0 mm. A second grinding using a Wonder Mill on the finest 
setting was performed until the samples passed through a No. 35 sieve (500 µm opening).  





Chemicals and Consumables  
HPLC grade water (18.2 MΩ) was generated through a Millipore Synergy UV 
system (Millipore, Bedford, MA, USA). ACS grade hexane, chloroform (CHCl3), ethyl 
acetate (EtOAc), and n-butanol (BuOH), methanol (MeOH), HPLC grade methanol 
(MeOH), acetonitrile (ACN), formic acid (FA) (99%), ammonium hydroxide (NH4OH), 
13 mm and 25 mm 0.45 µm diameter polytetrafluoroethylene (PTFE) filters, and 1.5 mL 
screw top vials with silicone and PTFE septa were purchased from Fisher Scientific 
(Pittsburgh, PA, USA).  Forty mL screw top vials with silicone and PTFE septa were 
purchased from Scientific Specialties Service Inc. (Randallstown, MD, USA) 
 
Preparative Scale Soxhlet Extraction 
Equipment and Chemicals 
 
Preparative scale crude extraction was performed utilizing two custom designed 
Soxhlet extractors built by Kimble Chase life sciences (Rockwood, TN, USA). Cellulose 
thimbles (90 x 250 mm) were purchased from Aqualab Supplies (Barcelona, Spain). A 
Buchi Rotavapor R114, R110, and Collegiate Rotavapor (Buchi, New Castle, DE, USA) 
as well as a Yamato RE400 rotary evaporator (Yamato, Santa Clara, CA, USA) was used 
to concentrate extracts. All preparative glassware was purchased from Kimble Chase. 
Twelve liter Briskheat (1500 W) heating mantles (Briskheat, Columbus, OH) were 
controlled by Glas-Col PL312 Minitrol 1500W Temperature controllers (Glas-Col., Terre 







Six liters of MeOH were added to a 12 L round bottom flask and placed into the 
heating mantles.Three hundred fifty grams of dried O. horridus was weighed and placed 
in a cellulose thimble where the top of the sample bed was just below the siphon tube and 
below the top of the thimble wall. The packed thimbles were then then placed in the Soxhlet 
extractors before the condensers attached. The heating mantles were turned on, brought to 
reflux, allowed to extract for 10 hours After the 10 hour run, the heating mantles were 
turned off and allowed to cool for 1 hour. Then the crude MeOH extract was recovered and 
concentrated. The crude MeOH extract was concentrated in 3 L round bottom flasks using 
rotary evaporators under reduced pressure. After concentration, samples were pooled and 







Figure 2.1. Process flow diagram for isolation and characterization of bioactive small 
molecule phytochemicals from O. horridus 
 
Liquid-liquid extraction (LLE) 
After the crude MeOH extract was dried, it was portioned into 200 g aliquots and 
was subsequently resuspended in 700 mL of 50°C distilled water. The crude extract and 




added to a 2 L separatory funnel. One liter of hexane was then added, then the separatory 
funnel was shaken for 3 min, and put into a holder to allow the layers to be separated. The 
hexane layer was removed, and the process was repeated 2 more times with the same 
volume of hexane. The same (3) x 1 L organic layer process was performed with the 
following solvents: CHCL3, EtOAc, and BuOH. After the layers were collected, they were 
concentrated under reduced pressure (25 in. Hg) in 3 L round bottom flasks on a rotary 
evaporator until dry. The dried LLE subfractions were then stored in a -20 °C freezer in 
the dark until subsequent purification was performed.  
 
Preliminary Analytical Screening of LLE Extracts 
 The LLE subfractions of the MeOH crude extract of O. horridus were dissolved in 
100% MeOH at a concentration of 100 mg mL-1. Sep-Pak Plus C18 SPE cartridges (500 
mg bed weight) were purchased from Waters (Milford, MA, USA). The cartridges were 
activated with 100% MeOH for 10 column volumes (CV), equilibrated with 10% MeOH 
for 5 CV, and then loaded with one of the 5 LLE subfractions. The columns were loaded 
at 10% bed weight of the sorbent (50 mg). Once loaded, the cartridges were washed with 
5 CV 10% MeOH in H2O prior to high strength elution with 10 CV of either 0.1% FA in 
MeOH, or 0.1% FA in ACN. 
 
Analytical HPLC Diode Array Detection (DAD) Equipment 
Analytical HPLC with UV detection was performed on a Shimadzu HPLC system 




CBM-20A system controller, DGU-20A5 online degasser, FCV-20AL low pressure 
gradient valve, LC-20AT pump,  SIL-20AHT auto sampler, CTO-20A column oven, and 
SPD-M20A DAD equipped with a thermostatted semi-micro 5 mm path length flow cell. 
Data was acquired at a rate of 12.5 Hz at 40°C flow cell temperature using the Class-VP 
version 7.4 build 15 software (Shimadzu Scientific Instruments). 
 
Analytical HPLC-MS Equipment 
Analytical HPLC-MS was carried out on an Agilent (Agilent Technologies, Santa 
Clara, CA, USA) 1200 series HPLC-MS system consisting of: G1379B degasser, 
G1312A binary pump, G1329A autosampler, G1316A thermostatted column 
compartment, G1314B UV/Vis variable wavelength detector and 6110 single quadrupole 
mass spectrometer equipped with an electrospray ion source. Mass spectral data were 
acquired in positive ionization mode, with a scan range of (100-1500 m/z) with 
fragmentor set to 200, and a step size of 0.1. Electrospray ionization parameters for 
analysis were: 4.0 kV capillary voltage, 350°C desolvation temperature, 11.0 L min-1 
desolvation gas flow rate, and 40 psi nebulization pressure. 
 
Crude Ethyl Acetate Subfraction Analytical method and optimization procedure 
  
Preliminary analytical investigation of the EtOAc crude LLE fraction was 
performed using the HPLC-DAD and HPLC-MS systems equipped with a Gemini-C18 
(5 µm particle size, 4.6 x 250 mm) column purchased from Phenomenex (Torrence, CA, 




flow rates (0.8, 1.0, and 1.2 mL min-1), mobile phase pH (2.7 or 2.4), and gradient 
conditions. HPLC grade water with FA as the pH modifier was used as the weaker 
solvent (A) whereas ACS MeOH with FA as the pH modifier was used as the stronger 
eluting solvent (B). Separations were performed at a column temperature of 40 °C. After 
the optimized analytical separation conditions were determined using DAD and MS 
detection for the crude EtOAc fraction, the separation was then condensed into a run that 
could partition the eluting compounds into narrower lipophilic retention groups using a 
step gradient to increase sample throughput. The UV spectrum (220-400 nm) was 
collected on the Shimadzu system using Class-VP version 7.4 software (Shimadzu 
Scientific Instruments) at a rate of 6.25 Hz. For the MS experiments, 270 nm was 
selected for UV detection and the entire column effluent was used for ESI-MS detection.  
 
Preparative Fractionation of Crude Ethyl Acetate Subfraction 
Sample preparation 
The dried crude EtOAc LLE fraction was resuspended in 100% MeOH to a 
concentration of 400 mg mL-1. The crude EtOAc LLE fraction was then filtered through 
0.45 µm filter and placed in a 40 mL screw top vial covered in aluminum foil. The filtered 
sample was then used for subsequent analysis.  
 
Analytical HPLC-DAD Equipment 
 Optimizations of analytical HPLC methods were performed on the Shimadzu 




software at a rate of 6.25 Hz for the UV (220-400 nm) spectrum (Shimadzu Scientific 
Instruments).  
 
Preparative HPLC-UV Equipment: 
Preparative HPLC purifications were performed on a Varian Prostar HPLC 
consisting of: Prostar 210 and 218 pumps with 25 mL min-1 heads operating in high 
pressure gradient mixing mode, Prostar 350 column oven (Varian, Santa Clara, CA, USA), 
Rheodyne 7000L manual injection valves (Rohnert Park, CA, USA), 500 µL injection 
loops, and Rainin Dynamax UV-1 detector (Oakland, CA, USA) set to 325 nm operating 
at 10 Au/V equipped with a preparative 5 mm path length flow cell. Column temperature 
was set to 40°C with data acquisition performed using a TekPower TP4000ZC multimeter 
connected to the Tekpower Digital Multimeter Version 2.0 data logging software at a rate 
of 1 Hz.  
Optimization of the Preparative Column Optimized (PCO) HPLC Method at Analytical 
Scale 
Preliminary investigation at analytical scale of the EtOAc crude LLE fraction was 
performed using the DAD system equipped with a Gemini-C18 (5 µm particle size, 4.6 x 
250 mm) column purchased from Phenomenex (Torrence, CA, USA). The system was 
operated at a flow rate of 1.0 mL min-1 and a column temperature of 40°C. The retention 
information gained from the optimization process of the crude EtOAc fraction was then 
used to condense the eluting compounds into narrower lipophilic retention groups using a 
step gradient in a much shorter run time.  A loading study (1.0, 2.0, 5.0, and 10.0 mg) was 




impact of increasing the weight loaded on the column and the resulting decrease in 
resolution of the separation.  
 
Preparative Column Optimized (PCO) HPLC Method 
Samples were manually loaded using either a 2.0 or 5.0 mL gas-tight syringes 
(Hamilton Company, Reno, NV, USA). Two hundred milligrams of the crude EtOAc 
fraction was injected in overload conditions for each 82 min separation.  Purifications were 
performed on either Gemini-NX C18 column or Kinetex XB-C18 (5 µm particle size with 
21.2 x 250 mm) column equipped with guard columns (5 µm particle size, 21.2 x 15 mm) 
of the respective stationary phase held in the appropriate guard column holder. All columns 
were purchased from Phenomenex (Torrence, CA, USA). HPLC grade water with 0.5% 
FA was used as the weaker solvent (A) whereas ACS MeOH with 0.5% FA was used as 
the stronger eluting solvent (B). Preparative scale separations were performed at a flow 
rate of 20 mL min-1 following the following gradient:  11 min held at 20% B, then ramping 
to 30% B over 0.1 min, held for 20.9 min at 30% B, ramped to 40% B over 0.1 min, held 
at 40% B for 9.9 min, and then ramped to 50% B over 0.1 min, held at 50%B for 9.9 min, 
ramped to 100% B over 0.1 min, held at 100% B for 11.9 min, then ramped to 20% B over 
0.1 min, and reequilibrated at 20% B for 17.9 min. The crude sample was split into eleven 
subfractions (Et-1 to Et-11) using a fraction collector for further purification. Upon 






Solid Phase Extraction 
SPE Cartridges 
Mixed mode and cation exchange SPE cartridges were used to fractionate and 
selectively recover analytes of interest. Oasis hydrophilic lipophilic balance (HLB) 
vacuum cartridges (30 mg / 1 mL, 30 µm particle size, 80Å pore diameter) and (1 g / 20 
mL, 60 µm particle size, 80Å pore diameter), Oasis mixed-mode strong cation exchange 
(MCX) (500 mg / 6 mL, 60 µm particle size, 80 Å pore diameter) and Oasis mixed-mode 
weak cation exchange (WCX) (500 mg / 6 mL, 60 µm particle size, 80 Å pore diameter) 
SPE cartridges, were purchased from Waters (Milford, MA, USA).  
 
 
HLB SPE fractionation Procedure 
HLB SPE fractionation was used on the preparative HPLC separated Et-1 : Et-11 
subfractions in order to decrease sample matrix effects as well as subfractionate 
compounds further. The eleven (Et-1 : Et-11) recovered samples from the Et-Crude PCO 
method were reconstituted in 0.2% FA in 20% MeOH prior to loading the HLB SPE 
cartridges. The cartridges were activated with 100% MeOH, equilibrated with water, and 
loaded with the resuspended and acidified Et-1 : Et-11 subfractions. Then, the HLB wash 
and elute steps were performed with 5 CV of the following solvents:  Wash 1, 5% MeOH; 
Wash 2, 2% FA in 20% MeOH; Wash 3, 2% FA in 50% MeOH; Elute 1, 2% NH4OH in 
20% MeOH; Elute 2, 2% NH4OH in 50% MeOH; and Elute 3, 5% NH4OH in 60:40 ACN 




and subsequently reconsistitued in either 10% MeOH (Et-1 : Et-3, ET-5), 20% MeOH (Et-
4), 50% MeOH (Et-6 : Et-10), or 100% MeOH (Et-11 : Et-12). Each of the eleven Et-1 : 




Oasis WCX mixed mode SPE (500 mg / 6 mL) were used to selectively recover 
weak and strong bases from the HLB subfractions. WCX fractions were formed using the 
following protocol:  Cartridges were activated with 5 CV MeOH, equilibrated with 5 CV 
water, and then one of the six HLB subfractions per Et-1 : Et-11  were loaded. The 
cartridges were then washed with 5 CV of 5% NH4OH in H2O. 100% MeOH was used to 
elute weak bases prior to eluting strong bases with 2% FA in MeOH. The WCX 
subfractions were evaporated to dryness and reconstituted using the solvents found in 







Table 2.1. Liquid-liquid extraction subfraction  
percentages of the crude methanol extract 
LLE 
Fraction 






Hexane 99.0 49.50% 
Chloroform 80.8 40.40% 
Ethyl 
Acetate 2.0 1.00% 
n-Butanol 10.2 5.10% 
Aqueous 8.0 4.00% 
 
Table 2.2. Optimized analytical scale ethyl acetate LLE method for  












% B  
Flow 
(mL/min) 
0.00 5 0.8 468.75 33 0.8 
33.75 5 0.8 470.00 40.5 0.8 
40.00 6 0.8 482.50 40.5 0.8 
150.00 6 0.8 483.75 40.5 1.4 
156.25 12 0.8 505.00 40.5 1.4 
218.75 12 0.8 506.25 40.5 0.8 
221.25 17 0.8 520.00 40.5 0.8 
252.50 17 0.8 521.25 53 0.8 
253.75 22.5 0.8 558.75 53 0.8 
366.25 25 0.8 561.25 60 0.8 
377.50 25 1.4 571.25 60 0.8 
378.75 25 1.4 571.75 60 0.8 
379.50 25 0.8 584.50 60 0.8 
407.50 25 0.8 585.00 60 0.8 
408.25 25 0.8 593.75 60 0.8 
442.50 25 0.8 603.75 100 0.8 





Figure 2.2. Optimized ethyl acetate method: UV multi-chromatogram plot of 270, 325, 
300, 350, 252, 266, and 282 nm of 2.0 mg crude ethyl acetate LLE extract separation on 
Gemini-NX column (4.6 x 250 mm)  
 
 
Figure 2.3. Optimized ethyl acetate method: UV Contour plot of 220-400 nm of 2.0 mg 





Figure 2.4. Optimized ethyl acetate method: HPLC-UV chromatogram (270 nm) of 0.5 
mg crude ethyl acetate LLE extract separation on Gemini-NX column (4.6 x 250 mm) 
 
 
Figure 2.5. Optimized ethyl acetate method: HPLC-MS total ion chromatogram of 0.5 mg 







Figure 2.6. Optimized ethyl acetate crude LLE subfraction preparative column 
optimization method: UV multichromatogram plot of 270, 325, 300, 350, 252, 266, and 
282 nm of 1.0 mg separation on Gemini-NX column (4.6 x 250 mm)  
 
Figure 2.7. Optimized ethyl acetate crude LLE subfraction preparative column 
optimization method: UV Contour plot of 220-400 nm of 1.0 mg separation run on Gemini-





Figure 2.8. Optimized EtOAc crude LLE subfraction PCO method: UV 
multichromatogram plot of 270, 325, 300, 350, 252, 266, and 282 nm of 10 mg 
overloaded separation on Gemini-NX column (4.6 mm i.d.) 
 
 
Figure 2.9. Optimized EtOAc crude LLE subfraction PCO method: UV Contour plot of 
220-400 nm of 10 mg overloaded separation run on Gemini-C18 column  






Figure 2.10. Optimized ethyl acetate crude LLE subfraction preparative column 
optimization method: chromatogram of 200 mg load onto Gemini-NX C18 column (21.2 
x 250 mm) flow rate of 20.0 mL min-1 overlaid with the gradient and fractions collected 
 
Table 2.3. Recovered ethyl acetate subfraction weights of 











1 382.5 10% MeOH 
2 560.5 10% MeOH 
3 636.3 10% MeOH 
4 801.1 20% MeOH 
5 968.6 10% MeOH 
6 1173.9 50% MeOH 
7 1036.0 50% MeOH 
8 816.9 50% MeOH 
9 1128.4 50% MeOH 
10 769.6 100% MeOH 



















SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0273 78.00%
Elute 1 100% MeOH
200uL 10% MeOH+ 
200uL 100% MeOH
0.0043 12.29%
Elute 2 2% Formic Acid in MeOH




5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0045 23.56%
Elute 1 100% MeOH
400uL 10% MeOH + 
200uL 100% MeOH
0.0099 51.83%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0047 24.61%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0272 55.17%
Elute 1 100% MeOH 400uL 10% MeOH 0.0111 22.52%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0110 22.31%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0475 74.22%
Elute 1 100% MeOH 400uL 10% MeOH 0.0000 0.00%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0165 25.78%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0439 60.47%
Elute 1 100% MeOH 400uL 10% MeOH 0.0070 9.64%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0217 29.89%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.1049 73.61%
Elute 1 100% MeOH 400uL 10% MeOH 0.0105 7.37%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0271 19.02%
Wash 2
200uL 0.2%FA 





















2% Formic Acid 
in 20% MeOH
















































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0313 54.82%
Elute 1 100% MeOH 400uL 10% MeOH 0.0109 19.09%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0149 26.09%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.008 29.63%
Elute 1 100% MeOH 400uL 10% MeOH 0.0055 20.37%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0135 50.00%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0186 46.38%
Elute 1 100% MeOH 400uL 10% MeOH 0.0047 11.72%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0168 41.90%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
800uL 100% MeOH
0.0383 26.32%
Elute 1 100% MeOH 400uL 10% MeOH 0.0583 40.07%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0489 33.61%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0303 87.32%
Elute 1 100% MeOH 400uL 10% MeOH 0.0012 3.46%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0032 9.22%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.1861 72.67%
Elute 1 100% MeOH 400uL 10% MeOH 0.0326 12.73%







2% Formic Acid 
in 20% MeOH






























































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0179 31.24%
Elute 1 100% MeOH 400uL 10% MeOH 0.0281 49.04%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0113 19.72%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0275 39.29%
Elute 1 100% MeOH 400uL 10% MeOH 0.0161 23.00%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0264 37.71%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0050 11.21%
Elute 1 100% MeOH 400uL 10% MeOH 0.0220 49.33%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0176 39.46%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0722 67.60%
Elute 1 100% MeOH 400uL 10% MeOH 0.0139 13.01%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0207 19.38%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0588 46.67%
Elute 1 100% MeOH
400uL 10% MeOH+ 
200uL 100% MeOH
0.0572 45.40%
Elute 2 2% Formic Acid in MeOH 400uL 10% 0.0100 7.94%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% + 800uL 
100%
0.1841 79.49%
Elute 1 100% MeOH
400uL 10% + 400uL 
100%
0.0254 10.97%
Elute 2 2% Formic Acid in MeOH















2% Formic Acid 
in 20% MeOH


























































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0280 63.49%
Elute 1 100% MeOH 400uL 10% MeOH 0.0028 6.35%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0133 30.16%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0036 3.10%
Elute 1 100% MeOH 400uL 10% MeOH 0.0938 80.65%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0189 16.25%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0156 16.18%
Elute 1 100% MeOH 400uL 10% MeOH 0.0191 19.81%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0617 64.00%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0684 56.72%
Elute 1 100% MeOH 400uL 10% MeOH 0.0216 17.91%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0306 25.37%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0375 33.39%
Elute 1 100% MeOH 400uL 10% MeOH 0.0456 40.61%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0292 26.00%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.2328 74.76%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.0463 14.87%









2% Formic Acid 
in 20% MeOH






























































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
600uL 100% MeOH
0.0589 60.22%
Elute 1 100% MeOH 400uL 10% MeOH 0.0195 19.94%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0194 19.84%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0243 26.24%
Elute 1 100% MeOH 400uL 10% MeOH 0.0439 47.41%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0244 26.35%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH+ 
400uL 100% MeOH
0.2536 81.89%
Elute 1 100% MeOH 400uL 10% MeOH 0.0151 4.88%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0410 13.24%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0359 49.45%
Elute 1 100% MeOH 400uL 10% MeOH 0.0076 10.47%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0291 40.08%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0451 52.32%
Elute 1 100% MeOH 400uL 10% MeOH 0.0061 7.08%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0350 40.60%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.2536 81.89%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.0151 4.88%















2% Formic Acid 
in 20% MeOH

























































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0318 42.51%
Elute 1 100% MeOH
200uL 10% MeOH + 
200uL 100% MeOH
0.0020 2.67%
Elute 2 2% Formic Acid in MeOH




5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0078 15.23%
Elute 1 100% MeOH 400uL 10% MeOH 0.0164 32.03%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0270 52.73%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
200uL 100% MeOH
0.0934 50.51%
Elute 1 100% MeOH 400uL 10% MeOH 0.0307 16.60%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0608 32.88%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.1837 63.54%
Elute 1 100% MeOH
400uL 10% MeOH + 
200uL 100% MeOH
0.0626 21.65%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0428 14.80%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.1789 59.83%
Elute 1 100% MeOH 400uL 10% MeOH 0.0116 3.88%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.1085 36.29%
Wash 1
5% Ammonium Hydroxide 
in Water
800uL 100% 0.2203 80.14%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.0291 10.59%
























2% Formic Acid 
in 20% MeOH















































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0221 21.86%
Elute 1 100% MeOH 400uL 10% MeOH 0.0361 35.71%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0429 42.43%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0276 39.94%
Elute 1 100% MeOH 400uL 10% MeOH 0.0019 2.75%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0396 57.31%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0444 60.57%
Elute 1 100% MeOH 400uL 10% MeOH 0.0076 10.37%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0213 29.06%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.1360 72.07%
Elute 1 100% MeOH
400uL 10%  MeOH + 
200uL 100% MeOH
0.0226 11.98%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0301 15.95%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0868 47.61%
Elute 1 100% MeOH 400uL 10% MeOH 0.0552 30.28%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0403 22.11%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.3169 75.18%
Elute 1 100% MeOH
400uL 10% MeOH+ 
400uL 100% MeOH
0.0524 12.43%





























2% Formic Acid 
in 20% MeOH










































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0301 31.72%
Elute 1 100% MeOH 400uL 10% MeOH 0.0335 35.30%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0313 32.98%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0210 27.63%
Elute 1 100% MeOH 400uL 10% MeOH 0.0219 28.82%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0331 43.55%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0250 22.32%
Elute 1 100% MeOH 400uL 10% MeOH 0.0590 52.68%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0280 25.00%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0848 77.23%
Elute 1 100% MeOH 400uL 10% MeOH 0.0019 1.73%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0231 21.04%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
800uL 100% MeOH
0.0788 61.56%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.0189 14.77%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0303 23.67%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10%  MeOH+ 
400uL 100% MeOH
0.1883 63.57%
Elute 1 100% MeOH 400uL 10% MeOH 0.0719 24.27%


















2% Formic Acid 
in 20% MeOH





















































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
800uL 100% MeOH
0.0327 37.59%
Elute 1 100% MeOH 400uL 10% MeOH 0.0256 29.43%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0287 32.99%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
200uL 100% MeOH
0.0044 7.09%
Elute 1 100% MeOH 400uL 10% MeOH 0.0242 38.97%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0335 53.95%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0399 44.19%
Elute 1 100% MeOH 400uL 10% MeOH 0.0206 22.81%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0298 33.00%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0985 27.76%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.1713 48.28%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0850 23.96%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
1200uL 100% MeOH
0.1137 53.01%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.0233 10.86%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0775 36.13%
Wash 1
5% Ammonium Hydroxide 
in Water
1400uL 100% MeOH 0.2528 79.07%
Elute 1 100% MeOH
400uL 10% MeOH + 
800uL 100% MeOH
0.0345 10.79%



























2% Formic Acid 
in 20% MeOH












































SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0209 18.06%
Elute 1 100% MeOH 400uL 10% MeOH 0.0653 56.44%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0295 25.50%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0261 34.66%
Elute 1 100% MeOH 400uL 10% MeOH 0.0081 10.76%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0411 54.58%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0137 14.84%
Elute 1 100% MeOH
200uL 10% MeOH + 
200uL 100% MeOH
0.0456 49.40%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0330 35.75%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
400uL 100% MeOH
0.0072 17.69%
Elute 1 100% MeOH
400uL 10% MeOH+ 
400uL 100% MeOH
0.0042 10.32%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0293 71.99%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH+ 
400uL 100% MeOH
0.0673 52.41%
Elute 1 100% MeOH
400uL 10% MeOH+ 
400uL 100% MeOH
0.0348 27.10%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0263 20.48%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
800uL 100% MeOH
0.2397 75.57%
Elute 1 100% MeOH
400uL 10% MeOH + 
400uL 100% MeOH
0.0201 6.34%











































2% Formic Acid 
in 20% MeOH
2% Formic Acid 
in 50% MeOH

























SPE Solvent Used Reconstitution Solvent
WCX Subfraction 






5% Ammonium Hydroxide 
in Water
400uL 10% MeOH+ 
1200uL 100% MeOH
0.0582 30.39%
Elute 1 100% MeOH
400uL 10% MeOH+ 
200uL 100% MeOH
0.0865 45.17%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0468 24.44%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH + 
200uL 100% MeOH
0.0156 13.98%
Elute 1 100% MeOH 400uL 10% MeOH 0.0487 43.64%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0473 42.38%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0225 13.54%
Elute 1 100% MeOH 400uL 10% MeOH 0.0865 52.05%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0572 34.42%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH 0.0415 63.46%
Elute 1 100% MeOH 400uL 10% MeOH 0.0021 3.21%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0218 33.33%
Wash 1
5% Ammonium Hydroxide 
in Water
400uL 10% MeOH+ 
800uL 100% MeOH
0.0256 22.67%
Elute 1 100% MeOH 400uL 10% MeOH 0.0512 45.35%
Elute 2 2% Formic Acid in MeOH 400uL 10% MeOH 0.0361 31.98%
Wash 1
5% Ammonium Hydroxide 
in Water
1200uL 100% MeOH 0.1293 62.46%
Elute 1 100% MeOH 1000uL 100% MeOH 0.0433 20.92%

































2% Formic Acid 
in 20% MeOH























Preliminary Sample preparation  
Upon harvest, the drying of the sample bark was performed to decrease the 
likelihood for microbial degradation of the plant by microorganisms. It is generally 
accepted that decreasing particle size increases the extraction rate of solutes in vitro, as 
well as in simpler systems2-5. The surface area of the ground sample matrix has an impact 
on the extraction rate as a function of solvent exposure and the resulting equilibrium 
kinetics for partitioning between the intracellular concentration of the solute in the plant 
bark and the extracting solvent. Thus, it was critical that the bark be ground into small 
particle size prior to extraction. The primary reduction from the large thin strips of bark 
that were received to <2 mm size enabled a great improvement in the solvent exposure to 
the sample matrix. Additionally, this initial grinding step reduced the particles to the point 
they could be easily fed into the Wondermill for further particle size reduction. The finely 
ground powder was sieved through a number 35 mesh screen in order to load a more tightly 
controlled particle distribution. The final particle size of samples was <500 µm and enabled 
good packing of the cellulose thimble.  
 
Soxhlet Extraction 
A yield of 12% (w/w) crude MeOH extract was achieved from the preparative 
Soxhlet extraction. Soxhlet offers improved extraction rate because it operates at elevated 
temperatures above ambient temperature. This causes an increase in the overall extraction 




due to its decreased boiling point (~65°C) relative to ethanol (~78°C) or other 
aqueous/alcohol mixtures as well as its semi-selectivity for extracting polar compounds. 
Soxhlet extraction using MeOH resulted in higher sample throughput and less solvent 
consumption compared to more traditional methods of extraction such as maceration. The 
main disadvantage of Soxhlet extraction is that the recovered solutes are constantly heated 
during extraction and as such, thermolabile compounds are not highly suitable for 
extraction via the Soxhlet approach.  
Although common, an initial defatting step using hexane was not performed. The 
defatting step typically removes any lipophilic molecules and colorants such as waxes, 
phospholipids, and chlorophyll. In order to remove these components, after extraction and 
concentration of the crude MeOH fraction, liquid-liquid extraction (LLE) was performed. 
Using ambient temperature LLE compared to hexane Soxhlet extraction prevented 
additional sample exposure to elevated temperatures in addition to the 10 h MeOH 
extraction step.  
Due to the large volumes of solvent required to perform preparative Soxhlet 
extraction, the MeOH recovered from the concentration step was recycled for subsequent 
extractions. This resulted in a net decrease of the total volume of solvent consumption and 
hazardous waste disposal. As such, preparative Soxhlet extraction offered a more efficient 
and greener bulk extraction process compared to more traditional methods such as 
maceration.  
The treatment steps for that must be performed after extraction must also be 




crude extracts is typically required to ensure any small particles can be removed from the 
fraction to prevent problems such as clogged inlet frits and/or blockages in syringes or 
valves. In Soxhlet extraction, the cellulose thimble serves as a suitable means of size 
exclusion preventing the ground root bark from escaping into the extracted fraction. This 
is particularly important due to the solvent in the extraction chamber being siphoned into 
the recovery flask through a narrow bore piece of glass. At this point, any large particles 
that escape from the thimble could aggregate at the bottom of the flask and plug the siphon 
line resulting in catastrophic problems. Therefore, the preparative extractor that was built 
was scaled to enable tall, wide thimbles to be loaded into the extractor and achieve large 
weights of sample to be extracted while exposing the sample to a relatively large (>2 L) 
volume of heated solvent in the extraction chamber prior to achieving siphon. The cellulose 
thimbles were taller than the siphon return line and were not packed above the siphon return 
line height. Therefore, Soxhlet extraction provided a scalable alternative for relatively high 
throughput (700 g / 12 h day) using two extractors and yielded a recovered extract that 
could be directly concentrated without an additional filtration step prior to concentration.  
Optimal extraction conditions were based upon the weight of crude MeOH extract 
recovered per unit of extraction duration. After 10 hours of extraction, the returning solvent 
siphoned to the collection flask was practically clear and little improvement in total weight 
yields were achieved beyond that point. A practical time constraint regarding the Soxhlet 
extraction was that with such large extractors, the amount of ice required to cool the 
condensers was a limiting step in how fast extraction could progress. Once the solvent and 




ice that could be produced in a 24 h period. The two extraction units were cooled by 
pumping more than 200 gallons per hour through each condenser with a temperature <5°C. 
This required the condenser water bath to be filled with 30 gallons of ice every 3 h. 
Therefore, nonexhaustive Soxhlet extraction was performed due to the time constraints and 
ice consumption.   
 
Rotary Evaporation 
Sample concentration and recovery is a critical aspect of optimization of a bulk 
isolation method due to the fact that sample concentration can be a rate limiting step prior 
to the subsequent purification process. Although there are many forms of sample 
concentration that are highly efficient in recovering small scale quantities of analyte from 
small volumes of solvent, the recovery of bulk quantities of isolate requires a scalable 
approach to efficiently remove solvent from the solutes. In order to prevent excessive 
prolonged exposure to elevated temperatures after extraction, rotary evaporation was 
determined to be a scalable and suitable means to reduce the bulk extracts to dryness. A 
custom vacuum manifold was built to enable four rotary evaporators to be able to be 
brought online and taken offline while adjusting the vacuum pressure and prevent 
repressurization (to atmospheric pressure) while each of the remaining three evaporators 
were operating. The vacuum manifold was continuously adjustable from atmospheric 
pressure down to the maximum achievable vacuum level of the pump. Each of the four 
rotary evaporators used water baths in order to mildly raise and maintain the temperature 




concentrate the bulk volumes of solvent. Rotary evaporation increases the speed of 
concentration by increasing the surface area of solvent in the flask. The reduced pressure 
inside of the atmosphere decreases the boiling point of solvents enabling them to evaporate 
below their boiling point. The solvent then condenses on a glass condenser and decreases 
the atmospheric concentration of solvent, promoting more solvent to evaporate.  
In evaporating large volumes of solvent at an expedited rate, the ability to condense 
the solvent from the atmosphere in the rotary evaporator is also an important experimental 
factor to consider. This was of primary concern due to the lack of a dry ice rotary evaporator 
condenser design which would enable higher recovery of solvent to prevent solvent intake 
into the vacuum pump (which was not a dry pump). A saturated ice water solution was 
used for cooling due to the bulk availability of ice and the high specific heat of water. The 
cold water was pumped through the condensers at a rate of 2.4 L min-1 to ensure rapid 
condensation of the gaseous solvent. A single dry ice trap was attached upstream of the 
manifold and  was contained in a 28 quart cooler maintained in a dry ice and isopropanol 
slurry to prevent damage of the vacuum pump. Optimal conditions for rotary evaporation 
of the MeOH crude extract were a water bath temperature of 50°C and 23 in. Hg vacuum.  
 
Liquid-liquid extraction 
LLE is a useful means to partition extracts into narrower polarity bands. The use of 
a five solvent system allows for partitioning of extracts into characteristic groups based not 
only upon their relative polarity, but also the selectivity of the solvents that have different 




enables easy recovery of the particular phases based upon their different polarities and 
separation based on density. In this study, each step of fractionation involves only 
partitioning one immiscible nonpolar solvent at a time with the resuspended crude MeOH 
fraction in water. The equipment involved is easy to use as it requires only solvent 
reservoirs with clean solvent, a separatory funnel with stopcock and stopper, and bottles 
for recovering the particular LLE subfraction. The scalability of LLE as a partitioning 
technique to be performed in parallel enabled high throughput of the crude MeOH extract 
into the five subfractions. Four 2-L separatory funnels were run in parallel enabling 800 g 
of crude MeOH extract to be fractionated per batch. Since LLE was able to be scaled to the 
point it was not a rate limiting step, the rate limiting step of the first fractionation step of 
the MeOH extract into the five subfractions was rotary evaporation.  
Each of the five subfractions was pooled from the parallel LLE processes in the 
four separatory funnels for the purpose of recovering bulk quantities of the particular 
subfractions in this study. The hexane, CHCl3, and EtOAc fractions were heated in 45°C 
water baths and evaporated at 18-25 in. Hg. The vacuum was increased once the residual 
solvent decreased to approximately 30% of the initial volume of solvent minimal level. 
Under the optimal conditions, roughly 1.5 L h-1 of solvent could be evaporated (per rotary 
evaporator) to near dryness. The aqueous fraction was evaporated at 60°C under 28 in. Hg 
and took more than 3x as long as the hexane, CHCl3, and EtOAc fractions due to the higher 
boiling point of water. The n-butanol fraction however, took the longest time to dry and 




Concentrating the n-butanol fraction was the rate limiting step of throughput for the LLE 
process.   
The results of the LLE fractionation percentage were shown in Table 2.1.  The 
EtOAc fraction was the lowest percentage of the 5 fractions by weight of the crude MeOH 
extract. This weight is dependent upon not only the extraction solvent, but also the number 
of solvents used for partitioning the crude MeOH extract in the process of LLE. EtOAc has 
selectivity for weakly basic alkaloid compounds, as well as flavonoids and their glycosides. 
Due to the relatively high bioactivity of alkaloid compounds as well as their bioavailability, 
they were targeted for downstream purification and spectroscopic characterization in 
attempt to identify the bioactivity within each subfraction. Given that nonexhaustive 
Soxhlet extraction was performed, the total yield of EtOAc fraction on a weight to weight 
basis per unit weight dried bark is lower than its maximum.  
 
Preliminary Screening of LLE Subfractions 
Solid Phase Extraction Prescreening 
SPE has been used frequently in order to perform sample clean up, decrease the 
impact of matrix effects on HPLC runs, and is a reproducible chromatographic technique. 
SPE typically uses porous particles in the range of 30-70 µm in cartridge formats. C18 SPE 
was performed due to the preliminary screening method being based upon lipophilic 
retention. Many SPE cartridges are relatively inexpensive (<$5 each) and can prevent 
detrimental loss of performance on much more expensive HPLC columns where 




From the five LLE fractions analyzed, hexane and water were not suitable for the lipophilic 
retention study based upon their excessive or non-retention respectively. The results 
coincided with the predicted retention of the various LLE subfractions based upon the 
polarity gradient of the five solvent LLE system. The apolarity of hexane and the 
partitioning of analytes with large apolar ligands and functional groups typically results in 
excessive retention on lipophilic stationary phases which are the basis for reversed phase 
chromatography. 
As such, the observed excessive retention of the hexane fractions occurred as 
expected. The high polarity of water typically results in poor wettability of the stationary 
phase particles in C18 SPE and HPLC columns without additional modification of the 
linking groups. Without the modifications to method of bonding the ligand to the stationary 
phase, in high aqueous environments, this leads to poor aqueous stability of the ligand and 
can induce ligand collapse. Due to the type of fully porous stationary phase particle used, 
it did not have high aqueous stability and as predicted, insufficient/non-retention of the 
LLE subfractions was observed. Therefore, the CHCl3, EtOAc, and BuOH fractions were 
chosen for further purification based upon their limited breakthrough when washed with 
10% MeOH and elution prior to 10 CV of acid modified MeOH.  
 
Reversed Phase (RP) C18 HPLC Screening of LLE subfractions 
The preliminary screening of LLE subfractions was performed by RP 
chromatography on a C18 column.  RP chromatography is highly popular due to the cost 
benefits of running aqueous and organic modified mobile phases. The savings in using 




chromatography. Additionally, water contributes less of an overall impact on the hazardous 
waste stream and fewer disposal problems that are associated with aqueous insoluble 
solvents typically used in normal phase chromatography. An additional benefit is the 
decreased flammability of high aqueous RP waste streams compared to purely organic 
hazardous waste streams.  
The C18 ligand bonded to the stationary phase is excellent for preliminary 
screening of unknown analytes due to the predominant retention mechanism being 
adsorptive dispersion. In RP chromatography the use of various length alkyl chains (i.e. 
C4, C8, C12, C18) bonded to the stationary phase is common. Typically, C18 columns are 
popular due to their improved retention of many classes of compounds over shorter alkyl 
lengths but likewise can cause problems when an analyte is well retained on a shorter alkyl 
stationary phase and results in excessive retention on the C18 column. The retention of 
lipophilic analytes is proportional to the lipophilicity of the analyte molecule in the mobile 
phase system as well as the retention of the sample to the alkyl ligand bonded to the 
stationary phase. This enables a targeted separation to screen unknowns that based mostly 
upon one means of retention. With the results of the C18 SPE screening, it was observed 
that the analytes of the EtOAc subfraction eluted within 10 CV of 0.5% FA in MeOH and 
would not be excessively retained on the C18 stationary phase. While three of the five LLE 
subfractions (CHCL3, EtOAc, and n-butanol) were screened and optimized, the EtOAc 
subfraction was the targeted solvent fraction of interest and will be the sole crude LLE 




In the process of method optimization, MeOH was selected as the strong eluting 
organic mobile phase due to the cost benefits associated with it compared to ACN (~5x 
less expensive) especially at preparative volumes. The EtOAc LLE subfraction was found 
to have the majority of compounds elute from the stationary phase without resulting to 
100% organic solvent. Additionally, when using 99.5% MeOH with 0.5% FA the recovery 
was approximately 100%. Therefore, MeOH was chosen over acetonitrile for performing 
the bulk separations. 
Table 2.2 lists the experimental conditions that were determined to be optimal for 
RP-C18 HPLC. UV absorbance spectra from 220-400 nm were collected using the DAD 
in order to determine a suitable detection wavelength that provided selectivity and 
detection intensity with minimal impact from UV bleed associated with using ACS grade 
solvents. Ultimately, seven wavelengths (252, 266, 270, 282, 300, 325, and 350 nm) shown 
in Figure 2.2 were determined to have suitable selectivity for peak detection from the entire 
UV spectrum collected in Figure 2.3 in order to monitor the purification of the crude EtOAc 
LLE fraction. The wavelength of 270 nm was selective and offered higher response 
compared to 325 nm for some of the fractions, but was more subject to baseline drift 
associated with increases in mobile phase (MP) B which contained ACS grade MeOH and 
0.5% FA.  
The HPLC-MS results are shown in Figures 2.4 and 2.5. As can be seen in Figure 
2.4, there is a baseline drift at 270 nm which occurs with the increase in MP B, which is 
attributable to solvent impurities. In Figure 2.5, there are many peaks observed using ESI-




and a very high baseline drift. As can be seen in Figures 2.2, 2.4, and 2.6 there are some 
peaks that are tailing and result in low resolution of the peaks due to unachieved baseline 
resolution. The total ion chromatogram (TIC) from the mass spectrometer shown in Figure 
2.5 shows a large number of peaks with high sensitivity. However, similarly to the case 
with UV detection, there are significant peak overlaps and baseline drift.  The lack of 
resolution despite this “optimized” method of the EtOAc crude LLE fraction would 
normally require significant differences in column, pH, or mobile phase selection. 
However, due to time constraints for the subsequent planned purification, it was not 
performed. Nevertheless, the main goal of this analytical optimization, was to determine 
the retention distribution of the analytes based on their lipophilicity and to maximize the 
distribution of analytes in the separation space to achieve the highest peak capacity. 
 
Preparative Fractionation of Ethyl Acetate LLE subfraction 
Analytical Optimization 
Information related to the retention distribution and peak capacity gained from the 
separation of the crude EtOAc fraction above, was then used to establish a shorter 
separation. The analytical scale separation of the preparative column optimized (PCO) 
method was designed to result in 11 subfractions separated based upon their lipophilicty in 
82 min. The goals of subfractionation using the PCO method were as follows: 1) total run 
time including column regeneration were <90 min, 2) step gradients could be used to 
narrow analytes into reproducible separation groups, 3) the separation enabled recovery of 




improvement in throughput and purity. After taking into account of those four primary 
factors, the solvent requirements for performing preparative scale separations as well as 
the weight needing throughput required the total run time to be shortened from the 643 min 
method. Additionally, to find a balance between resolution and throughput, it was 
necessary to identify suitable overloading conditions to keep cost of purification 
manageable. Step gradients were used during the separations to minimize the impact of the 
mobile phase gradient delay. The gradient delay between the running time gradient and the 
actual mobile phase composition pumped through the column can cause reproducibility 
problems especially when the separation of the analytes interest are greatly affected by 
small changes in mobile phase concentration. These shifts can then impact the retention 
distribution and reproducibility of time based fraction collection. This is a key problem that 
must be considered when repeated fraction collection is performed using one set of 
collection bottles. Therefore analytical reproducibility must be tightly controlled and this 
was successfully accomplished using step gradients. That would allow the Et-Crude 
optimized method shown in Table 2.2 and Figures 2.2-2.5 to be dissected into narrow 
retention groups that have similar lipophilic retention characteristics.  
The 643 min Et-Crude method was used for identifying relative retention 
distribution of the analytes under optimal conditions to maximize the peak capacity for one 
dimension separation. The retention distribution of the analytes was subsequently 
condensed into a much shorter method optimized for preparative purification of the crude 
EtOAc LLE extract in order to maximize cost effectiveness and throughput of the first 




on their lipophilic retention enables tighter retention distributions when recovered and 
subject to further downstream purification. The first step gradient values were arbitrarily 
assigned in the initial stages of optimization so long as they were higher than the required 
mobile phase strength identified in the ET-Crude method. From there, small changes in 
mobile phase composition ultimately led to the development of the optimal ET-Crude PCO 
method shown in Figure 2.10. In the process of optimizing the crude EtOAc PCO method, 
the eleven recovered Et-1 to Et-11 subfractions were subjected to their respective 
subsection of the Et-Crude optimized method. From there, narrower gradient methods were 
identified and optimized for the Et-1 to Et-11 subfractions on the C18 stationary phase. 
Due to the additional stage of fractionation into the Et-1 to Et-11 subfractions, when 
analyzed, the retention distributions of the subfractions were more broadly distributed from 
the first to the last eluting peak which resulted in an improved use of the one dimensional 
separation space based on lipophilic adsorption. Increasing the distance between the first 
eluting and last eluting compound enables an increased peak capacity.  
After developing the Et-Crude PCO method at an analytical scale (4.6 x 250 mm), 
loading with 1.0 mg per separation, optimal overloading conditions were analyzed. The 
loading optimization focused on improving throughput by increasing the weight of the 
crude EtOAc LLE subfraction that was separated in order to find suitable overload 
conditions on the C18 column. Optimal overloading conditions were as follows: loading 
10.0 mg of analyte at a concentration 400 mg mL-1 by injecting 40 µL of sample. The high 
analyte concentration minimized the impact of injecting large volumes of high elution 




and its contribution to band broadening. This injection volume impact still achieved 
acceptable resolution of weakly retaining groups on the C18 phase mostly attributed to the 
large analytical column (4.6 x 250 mm). An operating pH of 2.5 resulted in higher peak 
resolution (over 0% FA or 0.1% FA) of the Et-Crude fraction (data not shown) and was 
accomplished by adding 0.5% FA by volume to both the aqueous and MeOH mobile 
phases.  
In the process of evaluating suitable wavelengths for detection on instruments 
configured for single wavelength detection, it was important to identify a selective and 
sensitive wavelength. Some of the peaks have absorbance values that would result in 
saturation of the detector, increased baseline noise, or decreased selectivity if the crude 
EtOAc sample was detected using 252, 266, 282, 300, and 350 nm. Therefore, the crude 
EtOAc sample was detected using 270 and 325 nm wavelengths. Additionally, these two 
wavelengths are far enough from the solvent UV cutoff that ACS grade solvents could be 
successfully employed for preparative purifications while still maintaining good selectivity 
at a significant cost savings. The preparative separations were detected at 325 due to the 
minimal baseline drift of the 0.5% FA in ACS MeOH and the decreased total intensity 
compared to 270 nm for many of the peaks. 
The optimal analytical overload method for was established  using the following 
parameters: 1.0 mL min-1 flow rate, oven temperature of 40°C, 10 mg of analyte loaded, 
and 325 nm detection wavelength. These conditions were found to be a suitable 
compromise between sample throughput and resolution. The analytical scale overlaid UV 




Figure 2.7. The optimal overload conditions are shown in Figures 2.8 and 2.9 for the 10.0 
mg load.  Figures 2.6 and 2.8 illustrates the increase in the loading from 1.0 to 10.0 mg, 
respectively, enabling a ten fold increase in injection weight while minimizing the total 




Preparative fractionation of crude ethyl acetate subfraction 
Preparative Separations 
Scale-up of the analytical separations were manually calculated, specifically, for 
the following critical parameters including: the weight loaded, injection volume, and flow 
rates to scale up from the 4.6 mm i.d. columns to the 21.2 mm i.d. columns. The mobile 
phase flow rate was rounded to 20 mL min-1 from the 21.2 mL min-1 calculated value due 
to the flow rate precision of the preparative pumps in the high pressure mixing 
configuration. A representative graph of the separation is shown in Fig. 2.10 and the results 
from 46 runs of preparative purification with fraction collection are listed in Table 2.3.  
The Prostar 210 and 218 preparative pumps had the capacity to achieve at minimum 
5,000 psi of backpressure. The backpressure of the tubing, injection valves, columns, and 
detector flow cell were well below the warming limit at the flow rates used separations 
were performed. The commercial availability of preparative pumps with the same 
operating pressures as analytical systems enables the direct transfer of separation methods 
that were optimized using columns of the same particle diameter, porosity, and length 




stationary phase particle sizes (10 or 20 µm) since there were instrumental limitations on 
the backpressures that were achievable at the preparative flow rates in order to maintain 
the same linear velocity of mobile phase across the column when optimized using 
analytical instrumentation. The improvements in preparative pump design have enabled 
more robust designs, and in turn, has enabled preparative chromatography to cross the 5µm 
particle barrier that once was a limiting factor. The trend in preparative chromatography 
has mirrored analytical chromatography in applying smaller, more tightly controlled 
particle size distributions to achieve higher resolution by producing more efficient 
columns. Historically it was, and still in some cases continues to be, a common practice to 
apply 5 µm (4.6 x 250 mm) analytical columns at a flow rate of 1.0 mL min-1 in order to 
achieve the number of theoretical plates required for challenging separations. However, 
there was no immediate commercially available columns above semi-preparative scale (10 
mm i.d.) to meet the desire for directly scalable separations, which added an additional 
degree of complexity of scaling separations to preparative scale. Currently, there is a shift 
in the paradigm of applying 250 mm long columns packed with 5 µm particles trading 
instead for 3 µm or smaller particles in a shorter 150 mm format due to the ability to achieve 
a similar plate count6. However, most commercial manufacturers do not offer complete 
lines of preparative columns in the sub 5 µm particle size although the trend seems to be 
moving towards it due to the decreased solvent consumption and push towards more green 
chemistry.  Despite the incomplete portfolios of sub 5 µm preparative columns, the ability 
to develop analytical methods with 5 µm columns and directly transfer them to preparative 




The benefits of a 5 µm vs 10 µm particle results in a higher efficiency column with higher 
plate count per linear meter enabling use of shorter columns and less space requirements 
in a laboratory or processing environment. 
The retention times of the chemicals on the preparative columns are slightly longer 
than on the analytical column for separation of 10 mg of loaded analyte due to the increased 
bed length of the column attributed to the 15 mm long preparative guard column.  Due to 
the use of ACS grade MeOH, 325 nm was chosen as a selective wavelength to evaluate the 
preparative separations in order to minimize the impact of solvent impurities on the UV 
spectrum at lower wavelengths. This wavelength helped to decrease the baseline drift 
associated with increasing the level of MeOH in the step gradient elution that would be 
observed at lower (<270 nm) wavelengths. The sensitivity of the preparative detector was 
less than the analytical detector due to a flow cell containing a shorter (1 mm) path length 
than that for the analytical detector (5 mm).  
One of the attributable reasons to the relatively noisy baseline is the means for data 
collection. The voltmeter is built with an autoranging function which in the process of 
switching between millivolts full scale to volts full scale causes a significant loss of signal 
quality. Additionally, the sampling frequency of 1 Hz and lack of a high resolution (16 or 
24 bit  from -1 V to 1 V) analog to digital converter is one of the primary attributable 
reasons for high baseline noise. The increased noise and decreased sensitivity of the 
detector, however, was not a critical problem for the preparative separations. Due to 
loading conditions, there was significant signal response using the preparative detector 




data was collected at a much higher sampling frequency, for the preparative purifications 
which had wide eluting grouped peaks, the 1 Hz sampling frequency still provided suitable 
sampling per peak. The implementation of time based fraction collection alleviated 
problems that would otherwise place more taxing demands on the detection precision and 
signal to noise ratio and stability if using detector triggered fraction collection. Therefore, 
the detector was not required to have very low baseline noise and was able to provide 
qualitative verification of the separation. The sole function of the preparative detector of 
my personally-designed preparative HPLC configuration was to verify that the scale up 
calculations (weight loaded, flow rate, increased bed length, injection volume, etc.) for the 
preparative separations and time points used for fraction collection could be correctly 
translated from the analytical scale.   
 
SPE Fractionation 
Initial screening was performed using mixed mode stationary phases with either a 
mixed-mode weak cation exchanger (WCX) or strong cation exchanger (MCX). Due to 
excessive retention and poor recovery, it was determined that the weak cation exchange 
phase was more suitable to ensure high recovery of the weakly basic compounds as well 
as the strong bases (data not shown). The utilization of the carboxylic acid cation exchange 
group instead of a stronger cation exchange group such as sulfonic acid which maintains a 






The results of the HLB fractionation step are shown in Table 2.4-2.14. The purpose 
of utilizing SPE for sample preparation was to improve the resolution and purity of the 
subfractions while decreasing the baseline noise attributed to matrix effects. The HLB 
stationary phase was used to first separate the one step purified EtOAc fractions (ET-1 to 
ET-11) which were recovered from the preparative HPLC separation to further narrow the 
retention parameters.  
The importance of the acidification of the eluted subfractions Et-1 to Et-11 was to 
adjust the degree of protonation of the functional groups of the sample analytes to a pH 
<2.7. The unique combination of the two monomers that comprise the HLB stationary 
phase enabled both higher loading (w/w) and less breakthrough of poorly retained analyte. 
The HLB SPE phase provided a second stage of purification, based primarily upon the 
hydrophobic retention of the analytes. In particular, this form of fractionation resulted in 
improved retention of polar analytes that poorly retained on the C18 column (Et-1 and Et-
2). It was experimentally validated that the HLB SPE phase would serve as a suitable 
fractionation step that could retain the more hydrophilic analytes (Et-1) with minimal 
breakthrough as well as the more hyrdrophobic (Et-11) fractions without excessive 
retention using the protocol described herein. 
 
WCX Fractionation 
The WCX SPE sorbent is a further modified version of the divinylbenzene group 




improved retention for strong bases and quaternary amines. Each of the six HLB 
subfractions (Wash 1, Wash 2, Wash 3, Elute 1, Elute 2, Elute 3) from the Et-1 to ET-11 
fractions were reconstituted in neutral solvent prior to WCX fractionation. After loading, 
the wash step was performed by using 5 CV 5% NH4OH in water (v/v). This washing step 
involves a weak eluting strength solvent while increasing the pH above 10. Adjusting the 
pH of the solutes adsorbed to the stationary phase resulted in an increase in the retention 
of the basic components due to increasing the strength of the ionic interaction with the 
carboxylic acid cation exchange group on the stationary phase by deprotination. Weak 
bases were eluted with a strong elution strength organic solvent (i.e., 100% MeOH), to help 
desorb the lipophilic adsorption from the nonpolar portion of the mixed mode phase. 
Decreasing the impact of the lipophilic adsorption allows weak bases to be eluted from the 
stationary phase without eluting strong bases. This is a result of the strong bases still 
maintaining strong ionic interaction with the cation exchange functional group of the 
stationary phase. Therefore, the strong bases were eluted with 2% formic acid in 100% 
MeOH. Dropping the pH below 2 decreases the ionic activity of the cation exchange 
carboxylic acid group because the carboxylic acid group becomes protonated. Thus in the 
presence of high elution strength organic, the strong bases can be eluted with high recovery. 
The results of the WCX SPE fractionation are shown in Tables 2.4-2.14. 
Upon completion of the 2 step SPE fractionation after preparative fractionation, a 
total of 198 fractions were collected from the initial crude EtOAc LLE fraction. The key 
focus of the majority of the rest of this dissertation focuses on the weak bases found in Et-




2-WCX-E2, and Et-#-HLB-Wash 3-WCX-E2. It is these basic compounds that were 
focused upon since it is commonly accepted that quaternary amines and slightly basic 
alkaloids are preferentially fractionated into the EtOAc LLE subfraction of crude plant 
extracts. This is an area of research in which O. horridus has neither had significant 
research reported regarding molecular components contained therein, nor 
multidimensional HPLC approaches at analytical and preparative scale for high throughput 
purifications using hyphenated techniques. 
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COMPREHENSIVE 2D-HPLC-ESI-MS SEPARATIONS USING AROMATIC 
SELECTIVE SUPERFICIALLY POROUS C6-PHENYL  
AND BIPHENYL STATIONARY PHASES 
 
Introduction 
High throughput screening and purification of active ingredients using hyphenated 
liquid chromatography techniques is a primary contributor of the high cost associated with 
introducing new medicines into the pharmaceutical industry and demands a higher 
efficiency process1. In order to meet the demands of the bioprospecting process of drug 
discovery, the production of tens to hundreds of milligrams of drug leads in a relatively 
short (a few days to a week) time scale is mandatory. Purification of these compounds of 
interest is frequently a rate limiting step in drug discovery due to the high purities required 
despite working with optimized synthetic reactions. The traditional approach to separating 
complex mixtures, one dimensional (1D) HPLC is often limited by the resolution of 
analytes or requires extensive analysis time and solvent consumption to obtain a critical 
separation2. Traditional improvements to these 1D separations focus on optimizing 
separations with higher selectivity phases, alternative solvent modifiers, smaller stationary 
phase particle sizes, and type of phase to overcome some of these limitations. However, 
despite the improvements in each of these areas, the 1D separation space is limited to one 
type of stationary phase and mobile phase system. In the case of complex samples, where 




HPLC separation can dramatically overcome limitations in peak capacity and resolution 
far suffered in 1D HPLC. 
Peak capacity is defined as the number of adjacent peaks separated with the 
resolution, R, equal to 1 that occurs between the first eluting and last eluting peak in a fixed 
separation time. A critical limitation associated with 1D chromatography is the random 
distribution of peak retention of many natural product extracts in the separation space. 
When sample complexity is high, careful assessment must be made to ensure that the 
number of components being purified does not exceed 37% of the system peak capacity or 
peak resolution becomes statistically compromised and can result in overlapping peaks3. 
Limitations of resolution achieved using 1D chromatography methods have been described 
with the statistical model of overlap3 later to be more elaborately calculated in 
multidimensional (MD) HPLC as the statistical band-overlap theory4,5. These statistical 
models illustrate the limitations of chromatographic results and demonstrate that although 
a chromatogram shows a small number of well resolved peaks, due to band overlapping, 
the purity and number of detected peaks can be a gross underestimation of the total number 
of compounds in a complex sample composed of analytes with random peak distributions. 
One of the primary reasons for the random peak distributions is the diverse structural 
classes of compounds resulting in various interactions with the HPLC stationary phase. 
The number of peaks in natural product extracts can be underestimated in particular due to 
the presence of diastereoisomers, regioisomers, and other impurities which are structurally 
similar to the principle analyte which would not be resolved using standard methods. 




resolving structurally related compounds from a crude extract in an application where 
chiral chromatography is not suitable for resolving the critical pair from the rest of the 
sample analytes. Consequently, highly efficient columns with high peak capacities are 
essential to resolve all of the components of a natural product extract in 1D HPLC. 
However, in order to successfully achieve a high peak capacity in practice, it is mandatory 
to have an excess of available peak capacity when the two separation dimensions are 
operated. This is particularly important given that modulation time, flow rate, and column 
dimensions may be suboptimal in order to achieve the throughput required such as is the 
case in developing methods that are transferrable to preparative separations.  
In order to achieve more plates per meter, recent advancements in instrument and 
stationary phase design have pushed the use of smaller (sub 3-µm) particle based stationary 
phases operating at higher pressures (> 5000 psi).The increase in operating pressure beyond 
5000 psi exists as a shift into ultra-performance liquid chromatography (UPLC) which is 
not presently scalable in preparative chromatography. The inability to scale this analytical 
technology is a direct example of where MDHPLC is ideal for increasing peak capacity 
and resolving power while maintaining <5000 psi operating pressures using highly 
efficient columns. The implementation of a second dimension is particularly useful when 
the retention of analytes is orthogonal to the optimized first dimension.  
Most frequently, MDHPLC is practically limited to two dimensional (2D) systems 
where two independent columns with differing separation mechanisms occur in series via 
a modulation (switching) mechanism. The 2D systems introduce the effluent from the first 




either entire quantities of 1D eluent (comprehensive) or targeted slices (heart-cutting) onto 
the second column. On-line comprehensive 2D HPLC is highly suitable for initial 
screening of prospective analytes using hyphenated techniques and also for analytical 
method optimization. It is typically used to screen all eluting compounds to identify the 
location in the 2D separation space of active molecules and recover them for screening 
assays. However, due to implementation restrictions, it is typically used for screening 
purposes only, prior to implementation of heart-cutting techniques for recovery the 
positively flagged hit compounds of interest to further improve throughput since not every 
eluting fraction from the first dimension may contain those active compounds.  
Ideally, the two separation columns should have very different selectivity which 
translates to orthogonal retention of solutes on two different phases and enables the 
maximum separation space. However, this theoretically ideal completely orthogonal 
retention is not practical to implement in many experimental conditions due to the 
underlying retention correlation between the analytes and the two stationary phases even 
at a minimal level. The correlation between the retention mechanisms of the stationary 
phases results in a decrease in the overall peak capacity and resolution of the 2D system 
from the theoretical maximum. The appeal of using completely orthogonal columns in 2D 
HPLC is that the total peak capacity of the separation is a function of the total peak capacity 
product of the 1D (n1) and 2D (n2) peak capacities
6. This assumption is not practical in 
many experimental conditions and is particularly obvious when using the same retention 
mechanism in both dimensions. In these instances, where the two separation columns have 




and/or pH between dimensions can achieve a suitable degree of orthogonality6-9. In 
orthogonal systems where retention mechanisms are significantly different in their mobile 
phase composition (i.e. NP x RP), injection of large volumes of solvent from the first 
dimension onto the second resulting in solvent immiscibility, may be minimized by using 
narrower bore 1D column with a larger diameter 2D column minimizing the band 
broadening effects of the injection volume transferred onto the second dimension 
column8,10,11. Many natural products contain resonance stabilized rings which can be highly 
useful in the separation of structurally similar compounds where stereoisometric 
conformation changes are directly associated with bioactivity and/or bioavailability. There 
has been an increase in the number of the aromatic selective RP stationary phases in recent 
years (i.e. C6-phenyl, biphenyl, pentafluorophenylpropyl, diphenyl, etc.) which can be 
successfully implemented to separate positional isomers while providing orthogonal 
retention to popular RP-C18 columns. The ability for tandem reversed phase conditions 
has been successfully implemented in RP x RP 2D HPLC7,12-14 and prevents problems 
associated with solvent immiscibility in orthogonal separations such as normal phase (NP) 
x RP.  
The approach to 2D method optimization is more complicated than 1D due to the 
nonlinear separation space as well as the interactions between the two separation phases. 
Modulation time, efficiency of the second dimension column, linear velocity of the analyte, 
and the backpressure limits of the overall system are all factors which must be assessed 
prior to optimization of a 2D separation space. Implementing monolithic columns in the 




flow rates in the second dimension due to their mass transfer characteristics, faster re-
equilibration, increased temperature tolerance, and wider pH range compared to traditional 
particle based columns2,10,14-17. However, a critical pitfall of 2D methods using monolithic 
columns in the second dimension is the inability to scale the columns from analytical to 
preparative diameters with the same commercial availability of bonded phases that are 
common in particle based columns. In order to develop analytical methods that offer higher 
resolution while operating at HPLC pressures, improvements in the properties of particle 
based columns has been a focus. This focus has resulted in commercially available 
spherical semi-porous particle based columns which consist of a solid core with a porous 
outer shell2 that are highly efficient and available in 5 µm particle size for preparative 
separations18,19. Despite the lower loading capacity compared to fully porous particles, the 
core-shell particle columns benefit from increased resolution and decreased backpressure 
while minimizing eddy diffusion. The advantages of decreased pressure drop enable the 
use of sub 3-µm particles on HPLC instruments with operational backpressures of 5000 - 
6000 psi. Also, higher flow rates and column efficiency can be achieved while maintaining 
relatively mild (<50°C) temperature separations without crossing the UPLC pressure 
boundary.  
This is of utmost importance when configuring an analytical system that is to be 
directly scalable to preparative throughput to purify thermolabile compounds. The direct 
scaling of optimized 2D methods enables efficient screening of bioactive compounds from 
complex sample matrices at analytical scale in order to identify potential lead compounds  




milligrams required for structure elucidation and bioactivity testing while meeting the days 
to a week timescale demanded. The use of commercially available 5 µm particles which 
have been common in analytical HPLC has recently become available in preparative 
diameter columns. This direct scaling presents great opportunity for decreasing the cost of 
critical purifications by providing direct method transfer, increasing throughput, efficiency, 
and resolution of the collected fractions. Understanding the limitations of the preparative 
2DHPLC system enables analytical method development that is designed to incorporate 
the hardware limitations of the bulk separations. Few preparative 2D HPLC methodologies 
have been reported in literature and none of them incorporate core-shell particle phases1,20-
22. The ability to develop 2D prep methodologies which can give comparable peak 
capacities to those obtained in UPLC at HPLC pressures has been shown using a long set 
of columns packed with large particles in long gradient separations at elevated 
temperatures23. Additionally, practical application of 2D HPLC needs to have a 
significantly higher effective peak capacity to justify its application in practice beyond the 
theoretical considerations. Stoll (2008) discusses the coverage of ideal 2D peak capacity 
as a function of the overall 2D separation space and using experimental coverage values, 
was able to show that the effective peak capacity of 2D HPLC will exceed that of optimized 
1D HPLC in roughly 10 min24. These findings also coincided with the study of Gu et al. 
(2011)25. 
Automated on-line 2D HPLC permits increased recovery and operator safety, while 
decreasing fraction contamination, and human error which is critical in purification 




pharmaceutical impurity profiling9,26. Improvements in purities can also be achieved with 
fraction collection triggered by detectors using either UV absorbance, or more popularly 
mass to charge (m/z) characteristics obtained using MS detection. This guided fractionation 
can improve the recoveries of structurally similar compounds of interest.  
Practical design complications associated with 2D HPLC include the means of 
modulation between the two dimensions as well as the sampling frequency of the eluent 
from the first dimension. The two most popular means for introducing the analytes between 
dimension are sample loops1,8 or trapping columns27. Complications with using sample 
loops is that it is critical to have the same void volume otherwise discrepancies in retention 
time will be observed28 and must be accounted for in the plumbing configuration of the 
valves. Implementing trapping columns as the means to introduce analytes to the second 
dimension provides an opportunity for additional selectivity and resolution of 1D fractions 
prior to resolving the analytes in the second dimension. The use of trapping columns can 
minimize the impact of extra column band broadening if trapping large volumes from the 
first dimension prior to injecting the fraction onto the second dimension. The use of 
trapping columns as the modulation means, however, adds another complication to the 
already multifaceted 2D method optimization. The challenge is to achieve suitable 
retention on the trapping column, while minimizing the breakthrough of the analytes and 
still maintaining suitable peak refocusing on the second dimension column. Relying solely 
upon using a trapping column packed with a stationary phase that provides more retention 
can be problematic and the use of a diluent stream and static mixer can improve retention 




peaks detected in the first dimension and subsequently separated in the second dimension 
has been a topic of theoretical and practical discussion and has been suggested to sample 
3-4 times per 1D peak15 at analytical comprehensive 2D, whereas in preparative heart-
cutting 2D that value may be lower20.  
While there have been many analytical 2D HPLC configurations1,9,14,29,30 that can 
be run fully automated, differences are primarily based upon valve configuration, trapping 
approach, number of 2D columns, and detection methods. Popularly, aftermarket 6, 8, or 
10 port two-position valves are used for modulation of the eluent of the first dimension 
into the second dimension. The actual plumbing and design of the system is reliant upon 
the specific goals of a separation and the associated instrument setup. Ultimately, the gains 
achievable using a 2D HPLC system must be evaluated since a threshold value of sample 
complexity must be surpassed prior to justification of using 2DHPLC. 
In the present study, the aim is to describe the operation of an aromatic selective 
comprehensive 2D HPLC utilizing commercially available 5 µm particle size core-shell 
columns to evaluate the impact of pi selectivity on peak detection. This system uses phenyl-
hexyl (C6P) and biphenyl (BIP) stationary phases which exhibit different retention 
characteristics and are suitably orthogonal. This preliminary study was to optimize the 2D 








HPLC grade methanol (MeOH) and formic acid (FA) (99%) were obtained from 
Fisher Scientific (Pittsburgh, PA, USA).  HPLC grade water (18.2 MΩ) was generated 
through a Millipore Synergy UV system (Millipore, Bedford, MA, USA) and was filtered 
through a 0.2 µm polytetrafluoroethylene (PTFE) filter.  
 
Instrumentation  
One-Dimension Analytical HPLC-DAD 
Optimizations of 1D analytical HPLC methods were performed on a Shimadzu 
(Shimadzu Scientific Instruments, Columbia, MD, USA) HPLC consisting of the following 
components: Shimadzu CBM-20A system controller, Shimadzu DGU-20A5 online 
degasser, Shimadzu CTO-20A column oven, and Shimadzu SPD-M20A diode array 
detector equipped with a semi-micro 5 mm path length flow cell. Data acquisition was 
collected using the Class-VP version 7.4 software at a rate of 12.5 Hz for the UV (220-400 
nm) spectrum (Shimadzu Scientific Instruments).  
 
One-Dimensional Analytical HPLC-Mass Spectrometry 
Purifications and identifications by analytical 1D HPLC-MS were carried out on an 
Agilent (Agilent Technologies, Santa Clara, CA, USA) HPLC-MS  consisting of Agilent 
G1379B degasser, G1312A binary pump, G1329A autosampler,  G1316A thermostatted 




quadrupole mass spectrometer equipped with an electrospray ion source. Data was 
acquired in full scan mode (110-1500 m/z) with fragmentor set to 300.  Ion source 
parameters for analysis were: capillary voltage, 3.5 kV; desolvation temperature, 350°C; 
desolvation gas flow rate 10.0 L min-1. 
 
Two-Dimensional Analytical HPLC-DAD 
All analytical experiments with DAD detection were conducted using a Shimadzu 
HPLC system (Shimadzu Scientific Instruments) incorporating the following in the first 
dimension: CBM-20A system controller, DGU-20A5 degasser, FCV-20AL low pressure 
gradient valve, LC-20AT pump,  SIL-20AHT auto sampler, CTO-20A column oven, and 
Varian (Varian Technologies, Santa Clara, CA, USA) 340 UV detector (set to 325 nm 
operating at 1 Au / V) equipped with a standard 9 mm flow cell. First dimension separations 
were performed at 32°C. The second dimension was controlled by a Shimadzu SCL-
10AVP controller and consisted of a DGU-20A5 degasser, FCV-10ALVP low pressure 
gradient valve, LC-10ADVP pump, Varian 350 column oven, and Shimadzu SPD-M20A 
diode array detector equipped with a standard 10 mm path length flow cell. Second 
dimension separations were performed at 40°C. Data acquisition for both dimensions was 
collected using the Class-VP software at a rate of 5 Hz for the first dimension (300 nm) 





Two-Dimensional Analytical HPLC-Mass Spectrometry 
Purifications by analytical 2D HPLC-MS were carried out on an Agilent HPLC 
coupled to a Shimadzu HPLC with Agilent UV and MS detection. The first dimension 
separation consisted of an Agilent G1379B degasser, G1312A binary pump, G1329A 
autosampler, and G1316A thermostatted column compartment. The second dimension 
consisted of a Shimadzu SCL-10AVP controller, DGU-10A4 degasser, FCV-10ALVP low 
pressure gradient valve, LC-10ADVP pump, Varian 350 column oven, Agilent G1314B 
variable wavelength detector, and 6110 single quadrupole mass spectrometer equipped 
with an electrospray ion source. A 1:4 flow split of second dimension column effluent was 
used to decrease the volume of solvent to the ESI-MS after UV detection. Mass spectral 
data were acquired in positive ionization full scan mode (110-1500 m/z) with 
fragmentation set to either 200 or 300.  Ion source parameters for analysis were as follows: 
capillary voltage, 3.5 kV; desolvation temperature, 350°C; desolvation gas flow rate 10.0 
L min-1. 
 
Two-Dimensional Modulation Equipment 
Two configurations were made to evaluate the performance of modulation. The first 
consisted of four Shimadzu FCV-12AH six port 2-position valves controlled by Shimadzu 
Options Box-L and Option Box-VP sub-controllers run using Shimadzu Class-VP version 
7.4 software. This configuration allowed operating pressures of up to 6200 psi to be 
achieved. The second interface configuration was a Vici Valco 10 port 2-position valve 




Comprehensive 2D HPLC analytical separations were optimized using 2.0 mL loops 
shown in Figures 3.1 and 3.2.  
 
Sample preparation  
As previously described in Chapter 2, the ethyl acetate (EtOAc) LLE crude 
subfraction was subject to preparative C18 fractionation. The recovered fractions (ET-1 to 
ET-11) were then dried and processed on solid phase extraction (SPE) sorbents. 
Hydrophilic lipophilic balance (HLB) and mixed mode weak cation exchange (WCX) SPE 
were used to further fractionate and selectively recover analytes of interest. The eleven 
weakly basic HLB-W3-WCX-E1 subfractions were used for 2D chromatographic profiling 
shown in Figure 3.3. 
 
Initial Profiling of ET-1: ET-11 HLB-W3-WCX-E1 fractions 
Initial studies were performed on the 1D Shimadzu DAD system to determine the 
change in retention compared to the RP-C18 phase in order to determine the one dimension 
retention distribution on a Kinetex Phenyl-Hexyl (C6P) and Biphenyl (4.6 x 250 mm, 5 
µm), core-shell particle columns (Phenomenex, Torrence, CA, USA). Initial screening was 
performed on the 1D Shimadzu DAD system at a flow rate of either 1.0 or 2.0 mL min-1 in 
order to determine the relative retention distribution of analytes on the C6P. From the initial 
screening runs, the retention times and column volumes of solvent required to elute peaks 
were calculated in order to time correct for lower flow rates required to run 2D with 4.6 
mm i.d. columns. Step gradients were used to maximize the separation space and decrease 




the C6P column are shown in Tables 3.1 and 3.2. The biphenyl column was also screened 
to determine the relative impact of elution strength on the retention of the analytes in 
qualitative terms compared to the C18 and C6P retention.  
 
Figure 3.1. Four 6-port 2-position valve configuration for 2D modulation for >5000 psi 
data collection. A.) Loop A is loaded while Loop B is eluted to the 2D column. B.) Loop 




Figure 3.2. 2D modulation valve diagram using 10 port 2-position valves. A.) Position 
A—Loop A loading while Loop B elutes to the second dimension, B.) Position B—Loop 









Modulation Frequency and 2D Peak Capacity  
Modulation frequency is directly dependent on the first dimension flow rate and the 
volume of the trapping loop. The impact of first and second dimension flow rates on 2D 
peak capacity was analyzed using loop trapping as the modulation mechanism. Based on 
initial studies, it took less than 7 column volumes to completely elute all analytes from the 
second dimension. Two experimental conditions were analyzed. The first experimental 
conditions consisted of a 1D flow rate of 0.500 mL min-1 with a 2D flow rate of 3.0 mL 
min-1 resulting in a 4 min long second dimension analysis time and was performed using 
the Shimadzu FCV-12AH valves. The second conditions consisted of 1D flow rate of 0.333 
mL min-1 with a 2D flow rate of 2.0 mL min-1 resulting in a 6 min long second dimension 
analysis time and was performed using the Vici valve. Under these two experimental 
conditions, either a four or six min wide fraction from the 1st-D was loaded into the 
alternating trapping loops followed by injection into the second dimension while the 
alternate loop loaded. The 2nd-D operated in gradient elution as a function of total run time 
in both instances.  The ET-9-HLB-W3-WCX-E1 fraction was used for the modulation 
study due to a distinctive group of UV absorbing compounds  
 
 
2D HPLC (C6P X BIP) analysis of purified ET-1: ET-11 HLB-W3-WCX-E1 
subfractions  
The 2D separations were performed on the HPLC-MS instrument described in 
section 3.2.2.4. 2D separations were performed using Kinetex Phenyl-Hexyl (C6P) in the 




(Phenomenex, Torrence, CA, USA). Comprehensive 2D separations were performed with 
the first dimension flow rate of 0.333 mL min-1, 2.0 mL loops as the trapping mechanism, 
and the second dimension separation operating at 2.0 mL min-1. Mobile phases for both 





Table 3.1. Optimized 1D C6P retention profile screening methods of Et-1: Et-5 HLB-W3-WCX-E1 subfractions 
Et-1 
(2.0 mL min-1) 
Et-2 
(2.0 mL min-1) 
Et-3 
(2.0 mL min-1) 
Et-4 
(2.0 mL min-1) 
Et-5 

















0 5 0 10 15 16 15 11 30 17 
15 5 15 10 45 16 15.1 13 30.1 17 
15.1 6 50 10 45.1 18 60 13 80 17 
30 6 50.1 18 55 18 60.1 23 80.1 22 
30.1 12 60 18 55.1 20 100 23 100 22 
45 12 60.1 20 60 20 100.1 31 100.1 27 
45.1 17 65 20 60.1 24 115 31 130 27 
60 17 65.1 24 70 24 115.1 100 130.1 34 
60.1 22 70 24 70.2 30 120 100 160 34 
75 22 70.1 30 80 30 120.1 12 160.1 50 
75.1 100 80 30 80.1 100 125 Stop 170.1 50 
80 100 80.1 100 85 100    180 100 
80.1 5 80 100 85.1 16    190 100 
85 Stop 85.1 10 88 Stop    200 17 






Table 3.2. Optimized 1D C6P retention profile screening methods of Et-6: Et-11 HLB-W3-WCX-E1 subfractions 
Et-6 
(1.0 mL min-1) 
Et-7 
(1.0 mL min-1) 
Et-8 
(1.0 mL min-1) 
Et-9 
(1.0 mL min-1) 
Et-10 
(2.0 mL min-1) 
Et-11 




















25 13 60 22 60 27 16 30 12.5 33 12.5 40 
25.1 20 60.1 28 60.1 29 16.1 34 12.6 41 12.6 53 
40 20 100 28 90 29 140 34 25 41 27.5 53 
40.1 23 100.1 31 90.1 37 140.1 100 25.1 47 27.6 55 
60 23 145 31 120 37 148 100 55 47 40 55 
60.1 27 145.1 43 120.1 38 150 30 55.1 50 40.1 60 
90 27 180 43 150 38 160 Stop 65 65 50 60 
90.1 30 180.1 43 150.1 100     65.1 67 50.1 75 
130 30 190.1 100 160 100   70 67 65 75 
130.1 33 200 100 170 27   70.1 67 65.1 85 
170 33 200.1 22 175 Stop   75 80 75 85 
170.1 35 210 Stop       75.1 100 75.1 95 
210 35         80 100 85 95 
210.1 37       80.1 33 85.1 100 
240 37       85 Stop 90 100 
240.1 45          90.1 40 
270 45         95 Stop 
270.1 60           
280 100           
287 100           
288 13           





Figure 3.4. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-1 HLB-W3-WCX-E1 profiling method on C6P  
 
 
Figure 3.5. 1D contour plot (220-400 nm) of the ET-1 HLB-W3-WCX-E1 profiling 





Figure 3.6. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 





Figure 3.7. 1D contour plot (220-400 nm) of the ET-2 HLB-W3-WCX-E1 profiling 





Figure 3.8. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 




Figure 3.9. 1D contour plot (220-400 nm) of the ET-3 HLB-W3-WCX-E1 profiling 





Figure 3.10. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-4 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.11. 1D contour plot (220-400 nm) of the ET-4 HLB-W3-WCX-E1 profiling 







Figure 3.12. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-5 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.13. 1D contour plot (220-400 nm) of the ET-5 HLB-W3-WCX-E1 profiling 






Figure 3.14. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 




Figure 3.15. 1D contour plot (220-400 nm) of the ET-6 HLB-W3-WCX-E1 profiling 






Figure 3.16. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-7 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.17. 1D contour plot (220-400 nm) of the ET-7 HLB-W3-WCX-E1 profiling 






Figure 3.18. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-8 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.19. 1D contour plot (220-400 nm) of the ET-8 HLB-W3-WCX-E1 profiling 






Figure 3.20. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-9 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.21. 1D contour plot (220-400 nm) of the ET-9 HLB-W3-WCX-E1 profiling 







Figure 3.22. 1D 7 wavelength (270, 325, 300, 350, 252, 266, 282 nm) overlaid 
chromatogram of the ET-10 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.23. 1D contour plot (220-400 nm) of the ET-10 HLB-W3-WCX-E1 profiling 






Figure 3.24. 1D 7 wavelength (270, 325, 300, 350, 252, 266, and 282 nm) overlaid 
chromatogram of the ET-11 HLB-W3-WCX-E1 profiling method on C6P 
 
 
Figure 3.25. 1D contour plot (220-400 nm) of the ET-11 HLB-W3-WCX-E1 profiling 




Table 3.3. Et-9 modulation optimization Method 1  
2D HPLC chromatographic method for C6P x BIP columns  
First Dimension 
(0.500 mL min-1) 
Second Dimension 
(3.000 mL min-1) 
Time 
Mobile 
Phase %B Time  
Mobile 
Phase %B 
0 20 0 19.5 
90 20 30 19.5 
90.01 24 30.01 21 
135 24 90 21 
135.01 27 90.01 30 
265 27 135 30 
265.01 31 135.01 37 
290 31 255 37 
290.01 31.5 255.01 40 
325 31.5 290 40 
325.01 39 290.01 41 
350 39 325 41 
350.01 100 325.01 46 
359 100 350 46 
360 20 360 100 
370 20 367.99 100 
    368 19.5 






Table 3.4. Et-9 modulation optimization Method 2 2D 
HPLC chromatographic method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 
(2.000 mL min-1) 
Time 
Mobile 
Phase %B Time  
Mobile 
Phase %B 
0 20 0 19.5 
135 20 45 19.5 
135.015 24 45.015 21 
202.5 24 135 21 
202.515 27 135.015 30 
397.5 27 202.5 30 
397.515 31 202.515 37 
435 31 382.5 37 
435.015 31.5 382.515 40 
487.5 31.5 435 40 
487.515 39 435.015 41 
525 39 487.5 41 
525.015 100 487.515 46 
538.5 100 525 46 
540 20 540 100 
555 20 551.985 100 
    552 19.5 





Figure 3.26. Et-9 HLB-W3-WCX-E1 2D UV 300 nm chromatogram 1D flow rate of 
0.333 mL min-1 and 2D flow rate of 2.0 mL min-1 on C6P x BIP columns 
 
 
Figure 3.27. ET-9 HLB-W3-WCX-E1 2D UV 300 nm 3D chromatogram 1D flow rate of 





Figure 3.28. ET-9 HLB-W3-WCX-E1 2D UV contour plot (300 nm) 1D flow rate of 
0.500 mL min-1 and 2D flow rate of 3.0 mL min-1 on C6P x BIP columns 
 
 
Figure 3.29. ET-9 HLB-W3-WCX-E1 3D UV chromatogram (300 nm) 1D flow rate of 





Figure 3.30. ET-9 HLB-W3-WCX-E1 2D UV 3D chromatogram (300 nm) 1D flow rate 
of 0.333 mL min-1 and 2D flow rate of 2.0 mL min-1 on C6P x BIP columns 
 
 
Figure 3.31. ET-9 HLB-W3-WCX-E1 3D UV chromatogram (300 nm) 1D flow rate of 




Table 3.5. Et-1 optimized 2D HPLC  
chromatographic method for C6P x BIP columns  
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 5 0 10 
90 5 90 10 
90.01 6 90.01 14 
180 6 180 14 
180.01 12 180.01 22 
270 12 270 22 
270.01 17 270.01 29 
360 17 360 29 
360.01 22 360.01 37 
450 22 450 37 
450.01 100 450.01 100 
480 100 480 100 
480.01 5 480.01 10 




Figure 3.32. 2D-HPLC-MS TIC peak distribution plot of 





Figure 3.33. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of Et-1 HLB-W3-
WCX-E1 separated on C6P x BIP columns  
 
 
Figure 3.34. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-1 HLB-W3-WCX-E1 




Table 3.6. Et-2 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 8 0 18 
300 8 300 18 
300.01 16 300.01 24 
360 16 360 24 
360.01 18 360.01 28 
390 18 390 28 
390.01 22 390.01 34 
420 22 420 34 
420.01 28 420.01 43 
480 28 480 43 
480.01 100 480.01 100 
510 100 510 100 
510.01 8 510.01 18 




Figure 3.35. 2D-HPLC-MS TIC peak distribution plot of 





Figure 3.36. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-2 HLB-
W3-WCX-E1 separated on C6P x BIP columns.  
 
 
Figure 3.37. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-2 HLB-W3-WCX-E1 




Table 3.7. Et-3 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 14 0 18 
270 14 270 18 
270.01 16 270.01 24 
33 16 330 24 
330.01 18 330.01 28 
360 18 360 28 
360.01 22 360.01 34 
420 22 420 34 
420.01 33 420.01 43 
480 33 480 43 
480.01 100 480.01 100 
510 100 510 100 
510.01 14 510.01 18 





Figure 3.38. 2D-HPLC-MS TIC peak distribution plot of 





Figure 3.39. ET-3 HLB-W3-WCX-E1 baseline corrected 2D-HPLC-MS TIC contour 
plot separated on C6P x BIP columns 
 
Figure 3.40. ET-3 HLB-W3-WCX-E1 baseline corrected 3-D TIC plot separated on C6P 




Table 3.8. Et-4 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 12 0 16 
90 12 45 16 
90.01 15 45.01 19 
300 15 90 19 
300.01 24 90.01 22 
495 24 180 22 
495.01 38 180.01 24 
525 388 300 24 
525.01 100 300.01 32 
540 100 495 32 
540.01 12 495.01 46 
555 Stop 525 46 
    525.01 100 
    547.5 100 
    547.51 16 
    555 Stop 
 
 
Figure 3.41. 2D-HPLC-MS TIC peak distribution plot of 





Figure 3.42. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-4 HLB-
W3-WCX-E1 separated on C6P x BIP columns  
 
 
Figure 3.43. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-4 HLB-W3-WCX-E1 




Table 3.9. Et-5 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 13 0 18 
90 13 90 18 
90.01 18 90.01 26 
180 18 180 26 
180.01 20 180.01 28 
270 20 270 28 
270.01 22 270.01 30 
360 22 360 30 
360.01 24 360.01 32 
450 24 450 32 
450.01 30 450.01 40 
510 100 510 100 
540 100 540 100 
540.01 13 540.01 18 
555 Stop 555 Stop 
 
 
Figure 3.44. 2D-HPLC-MS TIC peak distribution plot of 





Figure 3.45. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-5 HLB-
W3-WCX-E1 C6P x BIP columns.  
 
 
Figure 3.46. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-5 HLB-W3-WCX-E1 




Table 3.10. Et-6 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 13 0 16 
75 13 81 16 
75.01 20 81.01 26 
20 20 126 26 
120.01 23 126.01 33 
240 23 180 33 
240.01 24 180.01 36 
360 24 240 36 
360.01 25 240.01 37 
405 25 366 37 
405.01 35 366.01 38 
450 35 405 38 
465 100 405.01 48 
510 100 456 48 
510.01 13 456.01 100 
532.5 Stop 501 100 
    501.01 16 
    532.5 Stop 
 
Figure 3.47. 2D-HPLC-MS TIC peak distribution plot of 






Figure 3.48. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of Et-6 HLB-W3-
WCX-E1 separated on C6P x BIP columns.  
 
Figure 3.49. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-6 HLB-W3-WCX-E1 




Table 3.11. Et-7 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 22 0 30 
180 22 186 30 
180.01 28 186.01 40 
300 28 306 40 
300.01 31 306.01 42 
435 31 441 42 
435.01 43 441.01 55 
495.01 43 501 55 
525 100 501.01 100 
540 100 516 100 
540.01 22 540 30 
555 Stop 555 Stop 
  
Figure 3.50. 2D-HPLC-MS TIC peak distribution plot of 






Figure 3.51. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-7 HLB-
W3-WCX-E1 separated on C6P x BIP columns.  
 
 
Figure 3.52. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-7 HLB-W3-WCX-E1 




Table 3.12. Et-8 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimensional 
(0.333 mL min-1) 
Second Dimension 








0 25 0 30 
180 25 186 30 
180.01 26 186.01 32 
300 26 306 32 
300.01 36 306.01 40 
435 36 441 40 
435.01 50 441.01 55 
495.01 50 501 55 
525 100 525 100 
540 100 540 100 
540.01 25 540.01 30 
555 Stop 555 Stop 
  
Figure 3.53. 2D-HPLC-MS TIC peak distribution plot of 






Figure 3.54. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-8 HLB-
W3-WCX-E1 separated on C6P x BIP columns.  
 
Figure 3.55. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-8 HLB-W3-WCX-E1 




Table 3.13. Et-9 optimized 2D HPLC chromatographic 
method for C6P x BIP columns  
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 20 0 19.5 
135 20 45 19.5 
135.01 24 45.01 21 
202.5 24 135 21 
202.51 27 135.01 30 
397.5 27 202.5 30 
397.51 31 202.51 37 
435 31 382.5 37 
435.01 31.5 382.51 40 
487.5 31.5 435 40 
487.51 39 435.015 41 
525 39 487.5 41 
525.01 100 487.51 46 
538.5 100 525 46 
540 20 540 100 
555 20 551.98 100 
    552 19.5 
    555 19.5 
  
Figure 3.56. 2D-HPLC-MS TIC peak distribution plot of 







Figure 3.57. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of Et-9 HLB-W3-
WCX-E1 separated on C6P x BIP columns.  
 
 
Figure 3.58. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-9 HLB-W3-WCX-E1 




Table 3.14. Et-10 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 27 0 33 
60 27 60 33 
60.01 34 60.01 40 
150 34 150 40 
150.01 45 150.01 52 
330 45 240 52 
330.01 52 240.01 54 
510 52 330 54 
510.01 100 330.01 58 
540 100 420 58 
540.01 27 420.01 60 
555 Stop 510 60 
    510.01 100 
    540 100 
    540.01 33 
    555 Stop 
 
  
Figure 3.59. 2D-HPLC-MS TIC peak distribution plot of 






Figure 3.60. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-10 HLB-
W3-WCX-E1 separated on C6P x BIP columns.  
 
 
Figure 3.61. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-10 HLB-W3-WCX-E1 




Table 3.15. Et-11 optimized 2D HPLC chromatographic 
method for C6P x BIP columns 
First Dimension 
(0.333 mL min-1) 
Second Dimension 








0 27 0 33 
60 27 60 33 
60.01 34 60.01 40 
150 34 150 40 
150.01 45 150.01 52 
330 45 240 52 
330.01 52 240.01 54 
510 52 330 54 
510.01 100 330.01 58 
540 100 420 58 
540.01 27 420.01 60 
555 Stop 510 60 
    510.01 100 
    540 100 
    540.01 33 
    555 Stop 
 
 
Figure 3.62. 2D-HPLC-MS TIC peak distribution plot of 






Figure 3.63. 2-D baseline corrected 2D-HPLC-MS TIC contour plot of the Et-11 HLB-
W3-WCX-E1 separated on C6P x BIP columns.  
 
 
Figure 3.64. 3-D baseline corrected 2D-HPLC-MS TIC plot of Et-11 HLB-W3-WCX-E1 








Minimum Average Maximum Minimum Average Maximum
Et-1 800 9.736 40.911 141.172 0.518 2.503 8.638 767 95.88% 658 82.25% 6
Et-2 882 8.088 38.952 127.084 0.563 2.461 8.224 847 96.03% 728 82.54% 4
Et-3 984 7.025 39.659 160.196 0.381 2.301 9.99 942 95.73% 789 80.18% 5
Et-4 984 9.843 35.953 160.196 0.387 2.448 10.337 949 96.44% 820 83.33% 3
Et-5 616 9.184 35.694 282.924 0.527 2.616 10.382 580 94.16% 516 83.77% 5
Et-6 1177 20.725 65.554 347.772 0.412 1.882 6.515 1067 90.65% 789 67.03% 8
Et-7 1194 8.999 34.774 104.625 0.315 2.094 7.309 1138 95.31% 906 75.88% 3
Et-8 704 7.338 41.890 227.951 0.535 2.329 11.575 655 93.04% 538 76.42% 1
Et-9 1621 10.674 46.392 266.220 0.518 1.951 4.75 1536 94.76% 1180 72.79% 5
Et-10 289 7.579 42.127 200.644 0.385 2.725 18.816 272 94.12% 241 83.39% 1
Et-11 577 9.685 29.928 366.650 0.415 2.595 9.865 546 94.63% 476 82.50% 2
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Preparative scale fractionation of the EtOAc crude LLE fraction provided a useful 
starting point for fractionation of the overall extract. Reversed phase chromatography is 
highly popular due to the cost benefits of running aqueous and organic modified mobile 
phases. This contributes less of an overall impact on the hazardous waste stream generation 
and disposal associated with aqueous insoluble solvents typically used in normal phase 
chromatography. Additionally, due to the use of a RP-C18 column, the predominant 
retention mechanism is adsorptive dispersion where the retention is proportionate to the 
lipophilicity of the molecule. This primary HPLC step served to narrow the entire crude 
extract into more similarly retaining fractions.  
SPE is a popular and robust means of sample preparation. It is commonly used to 
concentrate trace analytes and to decrease the matrix effects resulting in increased noise in 
chromatograms. In particular, SPE can provide significant improvements in ionization 
when using mass spectrometry as the detection means. The relatively inexpensive cost and 
ease of use are two primary reasons it is popularly used in many analytical protocols. The 
commercial availability of many popular forms of stationary phases enables selective 
recovery and partitioning of different groups of analytes. As described in Chapter 2, the 
goal of SPE was to decrease the matrix effects while sufficiently retaining the weakly basic 
subfractions from the EtOAc LLE fraction. A weak cation exchange mixed mode SPE was 
used to fractionate the weakly basic and strong bases from the subfractionated extracts.  
The carboxylic acid cation exchange group enabled reversible charge states based on the 





Initial Profiling of the eleven HLB-W3-WCX-E1 fractions 
 Initial profiling of the eleven HLB-W3-WCX-E1 fractions was performed in order 
to identify the difference in retention on three types of stationary phases. The optimization 
of the C18 phase described in Chapter 2 was used as a reference point for evaluating the 
impact of the stationary phase on retention of the analytes using the same mobile phase. 
The final methods used for evaluating the retention distributions of the eleven weakly basic 
HLB-W3-WCX-E1 fractions were shown in Tables 3.1 and 3.2. The contour plots of the 
collected UV spectrum as well as the overlay chromatograms of the seven wavelengths 
(270, 325, 300, 350, 252, 266, and 282 nm) that were characteristic absorption maxima are 
shown in Figures 3.4-3.25. In order to quickly screen the retention of the weakly basic 
subfractions on the C6P column, the methods were neither optimized for flow rate nor for 
baseline resolution of all analytes. In order to improve the number of analyses that could 
be performed in evaluating the retention distribution on the C6P phase, concessions were 
made related to total resolution. The overall resolution decrease from the first dimension 
was made given the additional second dimension contributing an additional degree of 
selectivity beyond that of the C6P phase.  The preliminary screening of the C6P phase was 
used to determine the relative retention distribution and evaluate the solvent strength 






In this system, the sample which is first subjected to a separation according to the 
retention mechanism of the first stationary phase, is trapped in a 2.0 mL loop, and then 
separated according to the retention mechanism of the second stationary phase. There were 
two different plumbing configurations used in the process of modulating the first 
dimension trapped eluent and the second dimension eluent. One consisted of four 6-port 
two-position valves, and the other consisted of a 10-port 2-position valve.  
In the 4 valve configuration depicted in Figure 3.1, the eluted sample from the first 
column is detected, and then is trapped in a 2 mL loop. Then, the second valve switches to 
allow loading of the fraction from the first column onto the first loop for the duration of 
the modulation time. Once the loop is loaded, the first valve (RV1) switches to flow the 
first column eluent to load the second loop. Simultaneously, while in this position, the 
second dimension pump is then switched to provide flow through the first loop onto the 
second column. The second valve (RV2) then switches from load to inject. The 
arrangement of the second dimension pump to be simultaneously switched with the 
direction of the trapping fraction permits complete loading and flushing of the void volume 
between the selection valve and the loop. Next, the fourth valve (RV4) switches to divert 
the flow from the first loop to the second column. The sample is then subject to separation 
on the second dimension column which has different retention and selectivity from the first 
column to further resolve the trapped fraction of interest.  
Either a fast gradient or isocratic gradient is applied to separate the recovered 




eluted concentration of the first column to enable the next fraction to be separated. Upon 
completion of loading the second loop, RV1 switches to enable loading of the first trap 
again while switching in the 2nd dimension solvent delivery pump to selectively elute the 
loop. The third valve (RV3) then switches from load to inject and the pump and RV4 then 
switches to send the 2nd loop to the second dimension column to undergo the same 
modulation program as the first fraction. This process is repeated for all fractions of 
interest. 
In the 10-port valve configuration shown in Figure 3.2, the eluted sample from the 
first dimension is into the valve at port one and is then either loaded into loop A via a 
connecting piece of tubing to connect port 2 to 7, or into loop B directly. When Loop A is 
loading, eluted analytes from the first dimension flow internally from port one to two, then 
a 10 cm piece of 0.007” tubing connects port 2 to 7 to allow Loop A to load and the void 
volume of liquid in the tube to purge through to port 6 and go to waste. Simultaneously 
while Loop A is loading, the 2D gradient supply pump flows solvent in to port 4 connected 
to port 3 and elutes Loop B from port 3 to port 10 where it travels internally to port 9 and 
out to the 2nd-D column. After the given modulation time delay, the valve rotates and loop 
B will load while loop A is eluted and subject to the 2nd-D separation. The eluent from the 
first dimension then is ported from port 1 internally to port 10 where the loop collects the 
eluent and the liquid filling the loop is pushed from Port 3 to port 2, through the connector 
tubing from port 2 to 7 and out of port 6 to waste. Loop A is run simultaneously by 
supplying solvent through port 4 to 5, through loop A, into port 8 through to port 9 and out 




minimal analyte loss in the process of loading Loop A. The extra column void volume 
associated with the valve plumbing in the process of modulated eluted fractions from the 
first dimension into the second dimension can be a critical component of band broadening 
in comprehensive 2D HPLC.  
The two loop volumes should be known and calibrated due to void volume 
differences in the two loops resulting in discrepancies in retention time when the recorded 
data is subset into the 2D separation space28. The exact volumes should be considered as 
well as the void volumes of the valve and connecting tubing in the case of a 10-port valve. 
The total loop and void volume of the modulation mechanism as well as the second 
dimension column will directly impact the modulation time in which the second dimension 
column can perform its separation as a function of the first dimension flow rate.  
 In the experimental conditions used herein, the trapping loops used for trapping 
the eluent from the first dimension was 2.0 mL. This volume is significantly larger than 
the 20 – 200 µL loop sizes that are common in transferring very narrow peak slices from 
the first dimension onto short columns with high flow rates in the second dimension. The 
experimental conditions as screening prior to subsequent preparative fractionation were 
limited by some experimental considerations such as the available preparative column 
dimensions. Therefore concessions were made in the selection of loop trapping volume. In 
many 2D experimental conditions, the use of a trapping loop with a void volume larger 
than the void volume of the 2nd-D column would lead to breakthrough and insufficient 
retention of analytes when loaded onto the second dimension. Resolution loss would occur 




result in increased band dispersion due to insufficient head refocusing on the second 
dimension.  
Although the increase in extra column volume causes an increase in band 
broadening, the increased retention of the BIP phase with the step gradients used were able 
to sufficiently focus the eluted 1D peaks at the head of the second column prior to elution 
and detection. Comprehensive 2D HPLC using loops as the trapping means enables an easy 
and adjustable configuration that ensures the trapped peaks eluted from the first dimension 
are recovered and injected onto the second dimension column.  
In the process of optimizing the one dimension separations on C18, C6P, and BIP 
stationary phases, there was a trend observed in that the retention (in a mobile phase system 
consisting of 0.1% FA in water and 0.1% FA in MeOH) increased according to BIP > C6P 
> C18. In relative terms, with C18 retention being assigned an arbitrary value of 1, C6P 
retained ~1.5x more than C18, and BIP retained ~2x the C18 retention. Therefore, the 
proposed method of purification was to use online comprehensive 2D HPLC of two phases 
based upon their decrease in hydrophobicity while increasing their aromatic selectivity. 
The C18 retention mechanism is primarily based upon dispersion forces with a 
tendency for increased retention to be observed based upon the increasing lipophilic nature 
of the functional groups of the molecule. This provided a suitable means to partition the 
otherwise broadly distributed EtOAc subfraction into smaller entities that are more 
similarly grouped and was exploited in the first stage of HPLC chromatography. There is 
also a tendency to have poor retention of bases in acidic mobile phase conditions and would 




strength to elute the analytes. C6P is a unique stationary phase in that it has a 6 carbon 
alkyl chain offering moderate lipophilic retention while the head group is a phenyl group 
which offers additional selectivity beyond that achievable with a comparable 6 carbon alkyl 
chain based SP. The C6P has some structural selectivity due to the pi interactions (charge 
transfer between analyte and stationary phase) between the aromatic phenyl group and the 
analyte molecules. This additional phenyl group enables pi-selectivity and as such 
improved aromatic separation beyond that achievable with alkyl retention alone.  The BIP 
SP is different from both the C18 and C6P due to the fact it has an increased aromatic 
selectivity due to the two phenyl rings bonded to each other and the absence of alkyl groups 
to attach it to the stationary phase.  
In the case of the C6P and more pronounced in the BIP phase, the means of 
molecular interaction between the analyte and the stationary phase is primarily based upon 
charge transfer and pi interactions between the resonance stabilized rings of the stationary 
phase and the pi electrons in the analytes. The noncovalent pi-pi interactions between an 
electron donor and electron acceptor offer slightly stronger interactions compared to van 
der Waals forces. This pi electron based retention mechanism can offer improved retention 
of polar analytes over the alkyl bonded (C4, C8, C18) phases and can in part explain for 
the observed retention trend BIP > C6P > C18. The aromatic selectivity observed in the 
C6P and BIP columns offer improved selectivity and resolution beyond that achieved with 
an exclusively alkyl based RP stationary phase. Therefore, a 2D stationary phase system 
using a hydrophobic subtraction model (HSM) was used to increase selectivity at each level 




The HSM31-34 as well as the linear free energy relationship (LFER) model35-37 are 
popular models that can analyze the selective interactions of retention based upon the 
mobile phase (MP) and stationary phase selectivities. While the LFER model focuses more 
on the impact of the mobile phase, it was experimentally easier to correlate improvements 
in separation selectivity based upon changes in the SP employing the same MP. Separation 
characteristics obtained in the systematic investigation of the three (C18, C6P and BIP) 
columns was used to analyze the retention characteristics of analytes using the HSM model 
to evaluate column orthogonality. 
The increase in retention was observed when the alkyl chain length decreased and 
more polar stationary phase columns with higher pi interactions were used. The HSM 
model for purification began with the preparative fractionation using an RP C18 column to 
partition analytes based on their lipophilicity. This step applied the most lipophilic 
retention and less lipophilic retention was obtained in the first dimension of the online 2D 
system using the C6P column. The least lipophilic retaining stationary phase was the BIP 
which lacks an alkyl chain in its composition. The application of a HSM using three 
stationary phases with suitable orthogonality enabled an improvement in retention 
selectivity through each degree of increased purification. Therefore, an offline C18 HPLC 
run followed by SPE resulted in the 11 subfractions subject to analysis. Then, they were 
analyzed in an online 2D HPLC separation using the C6P and BIP columns. In order to 
maximize the peak capacity of the 2D HPLC system, attempts to increase the orthogonality 
of the retention mechanism of the two columns should be made to maximize the area 




analytes occupying the same 2D separation space38. Utilizing the HSM method, suitable 
orthogonality was able to be achieved in each of the three stages of HPLC purification of 
the weakly basic components from O. horridus.  
Multidimensional HPLC infrequently utilizes the same MP solvents in both 
dimensions. This is frequently due to the retention correlation that exists between the 
analytes and the first and second dimension stationary phases. Therefore, the MP is an 
easily modifiable component of the separation system that can vastly impact the retention 
characteristics of analytes between the two dimensions and improve retention 
orthogonality.  Under many experimental conditions where there is at least some retention 
correlation between the two stationary phases, a higher degree of orthogonality can be 
achieved by changing the MP between dimensions by either using a pH modification or 
changing the organic component (i.e. changing from ACN to MeOH).  
Modification of the pH can have a critical impact on the resolution of analytes and 
in particular with aromatic molecules. Typically, weakly basic compounds have poor 
retention on alkyl based retention phases (i.e. C18) in acidic mobile phases and their 
retention increases with an increase in the mobile phase pH. Thus, a separation using a low 
pH in one dimension and high pH in the other dimension can have suitably orthogonal 
retention depending on the molecular structures of the analytes. For example, a weakly 
basic analyte separated on a C18 column may have a retention factor, k, that is very low in 
acidic mobile phase conditions resulting in poor retention, but high in basic conditions 




The opportunity for changing the organic component of a RP MP is particularly 
useful in separations of aromatic compounds where the first dimension is run on an alkyl 
based (i.e. C8, or C18) while the second dimension consists of a pi selective (i.e. C, 
biphenyl, diphenyl, pentafluorophenyl etc.) phase. The difference in solvent selectivity of 
a MP gradient consisting of water and ACN is different than that of a water and MeOH 
system due to their solvent selectivity characteristics based on dipole-dipole interactions, 
acidity, and basicity properties. Therefore, if the first dimension separation is performed in 
water and ACN on a C18 phase, the organic modifier in the MP system should be switched 
in the second dimension. Most aromatic separations with pi-selective phases have worse 
resolution when using a mobile phase consisting of high proportion of ACN due to 
suppression of the pi interactions between the stationary phase and analytes due to the 
unsaturated triple bond in ACN39,40. The utilization of RP x RP 2D HPLC systems has been 
demonstrated to be highly powerful in resolving complex aromatic and polyphenolic 
compounds and can offer positional isomer separations without resulting to chiral 
chromatography2,34,41-43. 
Due to the suppression of pi interactions attributed to ACN as a mobile phase 
component, MeOH was used as the organic component in both dimensions. The differences 
in retention between the first dimension and second dimension in the C6P and BIP 
stationary phases provided sufficient orthogonality of retention without requiring an 
additional modification of the mobile phase. Coupling C6P x BIP minimizes the impact of 
extra column band broadening despite the large loading volume of eluent from the first 




retention of analytes on the 2nd column and achieving peak refocusing of large injection 
volumes (2.0 mL) at the head of the second column.  
 Using the HSM approach in the separation of this complex natural product extract, 
a mobile phase consisting of H2O and MeOH in both dimensions was necessary since 
aromatic selective stationary phases were used in both the dimensions.  FA was useful as 
an organic modifier due to the fact that it was able to decrease the pH of the MP to ~2.7. 
The use of FA also resulted in less ion suppression in the positive ionization mode ESI-MS 
detection used in the 2D HPLC separations compared to other MS compatible MP acid 
modifiers such as acetic acid or trifluoroacetic acid. Therefore, the signal to noise (S/N) or 
more accurately the volume to noise (V/N) in the 2D separation space were able to be 
achieved using a MP split ratio of 1:5 prior to ESI.  
 
Impact of Flow rate and modulation frequency on peak capacity 
Modulation time is the frequency at which samples from the first dimension are 
injected into the second dimension and is the period which the second dimension is loaded, 
separated, and re-equilibrated prior to the subsequent injection. Optimizing the modulation 
time in comprehensive 2D HPLC will help maximize the peak capacity and resolution. It 
has been suggested to sample between 3-4 times per 1st-D peak in comprehensive 
chromatography using conventional short columns44. However, other work suggestions 
lower sampling rates with longer 2nd-D separations are preferable15,42,43,45. Complications 
arise however with high sampling frequency from the first dimension as it results in a 




reduction in component recovery which contributes to difficulties in quantitation of analyte 
concentrations46. In particular when solutes have a relatively wide retention distribution 
from weakly to strongly retained and require a rather strong eluent composition to elute 
them, it has been shown that the first dimension being run under less than optimal peak 
capacities provides a suitable compromise between the width of the separation space, peak 
width, and the impact of under-sampling on the first dimension25. Therefore, due to 
experimental differences in the retention distribution and the goal of method transfer, 
concessions from the optimal values were made below their maximum theoretical values 
from subsampling the first dimension. The analytical optimization was performed 
capturing many 1D peaks in their entirety as a compromise of throughput and modulation 
using a long second dimension column. This sampling frequency minimizes the impact of 
loop volume differences, as well as enabling easier recovery of intact peaks off of the 
second dimension without as much frequency of splitting peaks into fractions that require 
pooling after analysis. These goals were based off of the translation of this method to 
preparative scale where weight throughput is of much higher priority than the maximum 
total number of subcomponents that could be detected at an analytical scale using smaller 
particles and higher operating pressure that are not scalable.  
The 2D chromatograms of ET-9 HLB-W3-WCX-E1 collected at 300 nm using 
methods shown in Tables 3.3 and 3.4 were shown in Figures 3.26 to 3.31. The 2D methods 
were adjusted according to the time required to permit the 2nd-D to elute 6 CV of solvent 




were adjusted to enable the same CV of eluent from the first and second dimensions, which 
enables retention patterns that can be discussed in relative terms.  
In the contour plots shown in Figures 3.26 and 3.28 similar retention patterns can 
be observed. Despite the same injection volume of the same sample, the retention patterns 
converted from a heat map in the contour plots can better be viewed in Figures 3.27 and 
3.29. In Figure 3.27 the number of peaks as well as their peak intensity is higher overall 
than Figure 3.29. The same trend can be observed in particular for the peaks eluting after 
400 min in Figure 3.27 or after 266 min in Figure 3.29. For the peaks with intensity above 
20 milliabsorbance units (mAu), Figures 3.30 and 3.31 can be used to evaluate the 
improvement in peak shape. There are more peaks detected in Figure 3.30 using the lower 
flow rates compared to Figure 3.31. The peak intensities are higher as well as better 
resolved, despite the peak broadening due to insufficient differences in the peak detection 
as a function of time of the UV detector compared to a MS. Although the UV detector 
provides less sensitivity than a MS detector, the resulting improved peak resolution 
achieved using the lower flow rate method shown in Table 3.4 resulted in improved 
resolution than the method shown in Table 3.3 which used higher flow rates. Although the 
acquisition time for the separation is 1.5x longer than that of the other 2D method, the 
increase in resolution outweighed the increased analysis time. An additional benefit was 
the decreased backpressure in the 2nd-D. Despite using a core-shell particle SP, the 
backpressure generated under a flow rate of 3.0 mL min-1 at 40°C was approximately 5800 
psi on average and varied depending on the mobile phase composition. This would result 




2D separations. At the lower flow rate, a 10-port 2-position valve was used instead of the 
6-port valves due to less complex switching sequences and also improved resolution. When 
compared to the four 6-port valves, the 10-port valve resulted in less extra column band 
broadening as a result of the tubing between the first valve, the valves controlling the 
loading/injecting of the 1D trapped fraction, and the fourth valve that switched to divert 
flow from either loop A or loop B to the second dimension. Despite the resolution decrease 
resulting from the higher extra column volume using the four 6-port configuration, the 
large volume of the modulation loop (2.0 mL) decreased the impact of the extra column 
void volume (increase of <20 µL) on the 2D separation and its impact was negligible 
compared to comprehensive 2D separations where 20-200 µL loops are common.   
The observed increase in resolution at the lower flow rate conditions is attributable 
to the net improvement in height equivalency of theoretical plates (HETP). The interaction 
of the two dimensions and the subsampling between the resolved first dimension peaks 
prior to subsequent separation in the second dimension had minimal impact, due to the less 
frequent modulation from the calculated ideals. The increase in HETP when shifting from 
0.500 to 0.333 mL min-1 for the 4.6 mm i.d. first dimension column decreases the resolution 
of the first dimension. However, the decrease in HETP in the second dimension when the 
flow rate was shifted from 3.0 to 2.0 mL min-1 resulted in a more substantial improvement 
over the loss in 1D resolution. Thus, a net gain in multiplied plates (first dimension x 
second dimension) resulted in an improvement in the resolution of the 2D separation space 
and all further separations were performed using a 1D flow rate of 0.333 mL min-1 and 2.0 




Utilizing a long, high efficiency, narrow (<3.0  mm i.d.) bore column in the first 
dimension allows for high peak capacity while keeping the volume of the fractions trapped 
and injected into the second dimension small enough to minimize band broadening34. The 
use of a short second dimension column applying either sub 5-µm particles or monolithic 
columns allows a high mobile phase flow-rate and enables faster modulation times at 
analytical scale when performing comprehensive analytical 2D HPLC.  
In the experimental setup, the atypically long (250 mm) second dimension column 
was operated using a step gradient as a function of total analysis time instead of a gradient 
based on modulation time. This configuration which used a longer second dimension 
column enables the capacity to still obtain a comparable number of total plates and peak 
capacity at both analytical and preparative scales. The total number of modulations made 
from the first dimension to the second using a short second dimension column is much 
lower when a long second dimension column is used due to suppressed second dimension 
flow rates using fully or semi-porous particles.  For example, in a long first dimension 
column that could achieve a peak capacity of 100 with a shorter second dimension column 
capable of peak capacity of 20, the theoretical maximum would be 2000 for the 
configuration.  However, if the same length of the first dimension column can achieve a 
peak capacity of 100 with a long second dimension column capable of a peak capacity of 
100, it can be modulated (cycled) roughly 5-times slower without a resulting loss in peak 
capacity, although it comes at a cost of under sampling. This is due to the total number of 
plates that of a longer column has as a result of its increased length compared to a shorter 




that of a shorter column and can be modulated less frequently while maintaining the same 
total system peak capacity despite the increased risk of under sampling from the first 
dimension.  
In the 2D system described herein, where long columns are used in both 
dimensions, the total number of modulations from the first dimension to achieve the peak 
capacity for the 2D system is lower than that where a short second dimension is applied. 
The length of the second dimension column (250 mm) in this case is atypically large for 
comprehensive 2D HPLC. Increasing the column’s length helps to overcome a loss of plate 
height due to the higher flow rate, while maintaining the ability to operate at mild (40°C) 
temperatures. This serves as a stark contrast to 2D analyses that utilize short columns with 
high flow rates operating at high temperatures (>60°C). The longer 2nd-D column 
minimizes the impact of extra column band broadening associated with loading a large 
injection loop volume while attaining sufficient peak.  
 
Optimized 2D HPLC-MS TIC Chromatograms of ET-1: ET-11 HLB-W3-WCX-E1 
fractions 
Using the experimental parameters determined from the flow modulation 
experiment, the optimized flow rate parameters were determined to be 0.333 mL min-1 in 
the first dimension and 2.000 mL min-1 in the second dimension for the 4.6 mm i.d. columns 
used in this experiment. The eleven optimized online comprehensive 2D HPLC separations 
of the HLB-W3-WCX-E1 fractions were shown in Tables 3.5-3.15. Each of the eleven 




the MS-TIC and were shown in Figures 3.32 – 3.64. The supplemental data of the eleven 
HLB-W3-WCX-E1 weakly basic fractions can be found in Tables A1-A11 in Appendix A 
and include their retention coordinates, peak volume, volume to noise ratio, and resolution. 
Summary statistics of the separations can be found in Table 3.16. The calculations 
performed herein were made using the integrated MS-TIC and results in a higher total peak 
volume due to the TIC resulting from the summation of all m/z charges summed in one 
eluting peak as a function of time. When analyzed more closely, the MS was able to provide 
distinctive m/z ratios where resolution (R) <1.5 which is considered to be well resolved 
peaks. As Table 3.16, shows, the implementation of 2D HPLC using 5 µm particles 
operating with 250 mm columns in both dimensions and MS detection allows for 
significant numbers of peaks to be detected and successfully resolved. The lowest 
percentage of detected compounds with R >1.0, is still above 90% and occurs when more 
than 1000 peaks are detected. The most compounds detected was in Et-9 where 1536 had 
R>1.0 and was the fraction that was also used for determining the impact of the modulation 
frequency on total peak capacity. 
The detector response is subset into the 2D space as a function of the modulation 
period. Therefore, each of the peaks detected are plotted with the width of the modulation 
time in the first dimension and the retention time in the second dimension. This gives a two 
dimensional retention group corresponding to the elution time from the first dimension and 
the retention time in the second dimension that results in a characteristic X (first 
dimension), Y (second dimension), and Z (intensity) set of information that’s used to 




UV-Vis detection offers selectivity of analytes based upon the characteristic 
absorption spectra of analytes based upon their chromophores. While DAD allows for 
recording of the entire UV-Vis spectrum from 200-700 nm during the analyte run time, 
most software currently enables only working with the chromatograms prior to 
transformation into the 2D space from the 1D time based data collection. Therefore, some 
of the selectivity and differentiation of analytes becomes difficult and tedious to manage 
due to the underlying software complications and difficulty in managing the datasets in 2D. 
Due to the emergence of 2D HPLC, there are currently few software options that are user 
friendly and enable on demand analysis of various detection wavelengths from the 
collected UV-Vis spectrum. The growth and application of 2D HPLC and ease of analysis 
has been greatly improved with MS based detection over UV-Vis, refractive index, 
evaporative light scattering, or fluorescence based methods. 
Most importantly, the incorporation of MS detection enables higher resolution with 
additional information so that a total ion chromatogram (TIC) can further be dissected into 
specific mass to charge (m/z) ratios for further mass spectral deconvolution of analytes. A 
2D HPLC system with MS detection allows for improved peak capacity and resolution 
beyond that which is accomplished using only chromatography and translates effectively 
into a 3rd dimension of data47,48. This additional dimension is a result of the detector sorting 
the m/z ratios which enables dereplication of coeluting peaks that may be observed in the 
TIC but can be separated based upon their unique m/z ions. Additionally, most MS data 
acquisition systems also permit direct export of the entire MS dataset. Once imported into 




ions to evaluate the distribution of peaks in the 2D space. In addition to the TIC, individual 
mass to charge (m/z) ratios can be selected and plotted to determine more specific structural 
information about fragmentation of sample analytes into their representative degradation 
ions. This allows for much more selectivity and higher resolution specific peaks compared 
to other detection methods. Once methods are optimized using MS detection, they can be 
analyzed with DAD detection to separate out well resolved analytes in a 2D space allowing 
for fast routine screening of known analytes based on their retention maps49,50. 
Maintaining suitable retention with high selectivity is of particular importance in 
natural product analysis and screening where the number of compounds and their structural 
diversity are high and retention is randomly distributed. There is a threshold value of 
sample complexity that must be surpassed in order to justify the application of 2D 
separations and the purity requirements and sample throughput must be given careful 
consideration prior to implementing 2D separations. One of the primary reasons is that the 
utilization of a 2D separation space is lower than 1D, requiring 2D peak capacity to be at 
least twice as large as a 1D separation4,5. Additionally, due to the retention distribution 
patterns of structurally similar compounds, the number of single components that can be 
separated depends on how broadly distributed these analytes are from one another51,52. 
Unlike 1D separations where resolution is calculated based solely on horizontal distance 
(time) from one peak to its nearest, the calculation of resolution in 2D incorporates the X 
and Y grid coordinate system to calculate resolution. Due to the additional complexity of 
the second retention dimension, it has been suggested to describe the 2D HPLC peak 




1D system to keep peak capacity in comparable terms. While operating in a 2D separation 
space, the probability of two compounds eluting with the same retention time in both 
dimensions decreases compared to a linear 1D separation space3-5,54. Therefore, there are 
some practical experimental applications that can be implemented to maximize resolution. 
 In order to achieve the maximum separation space, the resolution gained in the first 
dimension should be maintained and minimally dispersed in the process of transfer into the 
second dimension. One of the underlying reasons for the threshold of sample complexity 
that must be identified is the separation capacity of the 1D column being undersampled 
and accepting the loss in peak capacity from one dimension for peak capacity gains and 
improved resolution achieved by adding a second chromatographic dimension15,44,55,56. 
One of the practical places where resolution improvements can be made are in controlling 
the extra column volume in the modulation mechanism. While the bore size of the valve 
used for modulation should be considered and minimized to the narrowest bore possible 
for the given flow rates, a primary contributor of extra column volume is the trapping loop 
used in modulation.  
Experimentally, the less retaining C6P column was used as the first dimension with 
the BIP column used in the second dimension due to the increased retention observed in 
the process of column screening attributable to the increased pi interactions between the 
stationary phase and the analytes. The increased retention of the second dimension enabled 
sufficient head refocusing of dilute analytes in large volumes of eluent from the first 
dimension to be loaded with minimal resolution loss. This is particularly important when 




column where poor retention of peaks results in broadened peaks and increased band 
dispersion due to the large injection volume. The refocusing of diluted analytes on the head 
of a second dimension column has been determined to be a critical component in 2D HPLC 
in instances where band dispersion is high and minimization of transcolumn breakthrough 
of analytes is important57. Practical optimization evaluation has been discussed thoroughly 
by Schoenmakers58. 
Comprehensive analytical scale 2D HPLC is frequently performed using 
monolithic columns in the second dimension due to their mass transfer characteristics, 
faster re-equilibration, increased temperature tolerance, and wider pH range compared to 
fully or semi-porous particle based columns2,15,16. The synthesis of silica supports with 
macro and meso pores enabling high flow rates (up to 9.0 mL min-1 for 4.6 mm i.d. column) 
and have favorable mass transfer characteristics, and very high (~80%) permeability. 
Therefore gradient methods, with short monolithic columns are commonly used and able 
to be implemented.  
Although fast gradients in the second dimension are common with short second 
dimension columns, fully or semi-porous particle phase columns require longer 
reequilibration than monoliths and cannot operate at the same flow rates. Therefore, 
backpressure, resolution, and flow rate all contribute to practical limitations of 2D HPLC 
methods to be translatable directly to prep. In particular, when a second dimension column 
becomes longer than 50 or 100 mm, the reequilibration process of the second dimension 
gradient becomes a major contributor of the modulation time and decreases the amount of 




 Due to the instrumental limitations of the preparative system, these methods were 
developed for, a step gradient that occurred as a function of the total run time as opposed 
to operating within the modulation time alleviated many of the problems that would be 
associated with reequilibrating a 250 mm column given a flow rate of 2.0 mL min-1. 
Additionally, given that one min of the modulation frequency was used to elute the loop 
and load the column, the use of an isocratic second dimension enabled an expanded 
separation space compared to a 2D gradient method that was based on the modulation time 
scale (360 s). The step gradient applied in second dimension allowed for peak wrapping 
beyond the 360 second modulation when a subsequent injection was made and allowed for 
continued separation of the previous fraction while the loop from the following fraction 
was loaded onto the second dimension column. This approach enabled a more complete 
use of the entire time based separation space to achieve higher resolution and distribute the 
retention of analytes throughout the space more evenly.  
The retention distribution plots were shown in Figures 3.32, 3.35, 3.38, 3.41, 3.44, 
3.47, 3.50, 3.53, 3.56, 3.59, and 3.62. The peaks that are wrapped around the time space 
beyond the 360 second time point elute in the subsequent 0-60 second retention time in the 
next modulation period. For example, for the fraction that is collected during 0-6 min from 
the first dimension, is then separated in the second dimension in 0-360 seconds, plus the 
additional 60 seconds that the 6-12 min elution from the first dimension would be loading 
onto the column.  Compounds that are detected and are cutoff at the top of the 360 s Y axis 
occur as a function of the 2D software integrating the MS TIC and as such generate 




excluded due to the means that the 2D peaks are integrated and the circular area generated 
for the peaks. These wrap around peaks were infrequent and are a consequence of using 
the approach herein. However, the number of peaks that are wrapped around and centered 
across the modulation period is minimal.  The maximization of the 2D separation space 
focuses on achieving the highest peak capacity in practice by piecing various pieces of the 
theoretical optimizations described previously described previously14,19,24,25,59 while 
maintaining the direct ability to scale to preparative HPLC. 
Utilization of core-shell particles in both dimensions of the 2D HPLC system 
described herein permit direct scalability between analytical and preparative 2D HPLC 
while operating at relatively mild (32°C and 40°C) temperatures respectively in the first 
and second dimensions. The use of core-shell particle columns represents a critical 
difference between both comprehensive and heart-cutting analytical scale separations 
where monolithic columns are very popular. Currently the introduction of 5 µm fully 
porous and core-shell particle phases has resulted in improved resolution over larger 
particle columns and has found increased use in preparative applications. Therefore, sub 3-
µm particle columns were not used to model this 2D HPLC separation at analytical scale 
despite higher resolution and less solvent consumption because of the inability to directly 
transfer the method to preparative flow rates. 
Further improvements in the resolution could be improved by decreasing the first 
dimension column bore while decreasing the second dimension flow rate and increasing 
the modulation time. Additionally, if more orthogonality were to be required, changing the 




dimensions6-9,60,61 could further expand upon these experimentally optimized conditions. 
While the total resolution of the system could be improved using a narrower bore first 
dimension column such as a 2.1 or 3.0 mm i.d. which would result in an improved HETP, 
the columns were not available experimentally and as a consequence the first dimension 
flow rate suffered a significant loss of plate height due to the limitations of the system 
backpressure and resolution. The on-line 2D HPLC system provided high resolution 
separation of many peaks in their optimized separation system. The second dimension 
backpressure limitations which have been suggested to be alleviated by using multiple 2D 
columns in parallel62-64, monolithic columns10,14,16,65,66, or employing high-temperature 2D 
conditions24,67 have been shown to permit gradient elution conditions in under one min 
could not be practically implemented due to the translation to preparative scale as well as 
the thermolabile nature of some of the analytes. The large loop volumes and slow (6 min.) 
modulation time was used to provide a compromise between experimental limitations 
associated with the long columns and backpressure, resolution, and total separation power 
while maintaining the ability to transfer the method to preparative scale separations. While 
preparative HPLC is typically performed using heart-cutting fractionation and recovery of 
the analytes, the methods described herein allow for comprehensive separation conditions. 
Due to practical modulation limitations for separating the entire eluent from the first 
dimension on the second dimension, the comprehensive method conditions serve as a 
starting point from which heart-cutting analysis can result in higher resolution of analytes 
of interest once heart-cutting were to be implemented. Preparative heart-cutting 2D HPLC 




from improved run times due to targeted identification of analytes performed using the 
analytical scale comprehensive 2D HPLC. The fractions purified from the flow split stream 
can be collected using either UV or MS triggered fractionation which enables higher 
purities and ability to reassemble the entire peak post 2D reconstruction of the 
chromatogram. Heart-cutting provides more targeted mobile phase conditions and can 
result in even more optimized flow rate and separation conditions beyond that which 
comprehensive 2D HPLC can achieve due to restrictions inherent to comprehensive 2D 
HPLC as a function of modulation time, pressure, and resolution. 
 
Conclusions 
An online comprehensive 2D HPLC approach was used to demonstrate the utility 
and application of using pi selective 5 µm core-shell spherical particle columns for 
analytical scale modelling of basic compounds extracted from the medicinal plant, O. 
horridus.  Commercially available semi-porous and fully porous spherical particle 
stationary phases were modelled at an analytical scale in comprehensive 2D HPLC. The 
entirety of the effluent from the first dimension was directly loaded into a 2 mL trapping 
loop prior to being subjected to the second dimension. These 2D HPLC separations were 
developed and optimized in a format that is directly transferred to preparative scale with 
instrumental limitations already factored in. This 2D HPLC approach using 5 µm particles 
will enable throughput improvements in challenging drug discovery and purification 
applications where quantity throughput of high purity compounds is the rate limiting step. 




HPLC systems which incorporate a monolithic second dimension column. The limitation 
is that currently, monolithic columns are not commercially available at preparative scale 
diameters with the desired ligand modifications and dimensions required. Diode array and 
ESI-MS detection were used to perform preliminary characterization of the weakly basic 
purified fractions from O. horridus. This 2D system employed an atypically long (250 mm) 
second dimension column and collected many intact peaks eluting from the first dimension 
being instead of subsampling them through the modulation trap. This approach is different 
from the majority of comprehensive systems due to the necessity to screen the impact of 
aromatic selective stationary phases at analytical scale prior to direct scale up to preparative 
2D HPLC. The 5 µm core-shell particle columns were used in order to achieve high 
efficiency and a large number of plates in the 2D separation space. The availability of 
commercially scalable 5 µm columns enables high throughput analytical screening method 
development that can be directly implemented at preparative scale. One obvious advantage 
of method transfer directly to preparative scale 2D HPLC is that it eliminates sample 
concentration steps required after a first dimension separation and results in higher sample 
throughput. Core-shell particles in the second dimension enable milder column 
temperatures with higher flow rates while operating in the <6000 psi threshold value for 
preparative HPLC pumps which results in increased column lifetimes as well as improved 
stability of thermolabile compounds. The application of 2D HPLC methods that are 
transferrable from analytical to preparative scale with the ability to separate up to 1621 
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SCALABLE COMPREHENSIVE RP x RP 2D HPLC SEPARATION OF WEAKLY 




Natural products consist of a structurally diverse group of organic molecules 
synthesized by a diverse network of biological pathways which results in diverse structural 
classes of molecules. Most frequently, the purpose for extracting, purifying, recovering, 
and identifying the groups of molecules is due to their biologically active substances. Most 
commonly, traditional purification techniques rely upon repetitive off-line liquid 
chromatography steps (i.e. gravity flow, low pressure liquid chromatography (LPLC), or 
medium pressure liquid chromatography (MPLC), high performance liquid 
chromatography (HPLC), and ultra-performance liquid chromatography (UPLC) for single 
dimension purifications and repetitive fraction collection. Advantages of the off-line 
approach is that it has virtually no time constraints on the analysis time and this allows for 
fractionation and subsampling to be optimized. Additionally, it allows for storage of 
fractions until further downstream processing. However is time-consuming, difficult to 
automate and reproduce, operator intensive, and subject to a high possibility of 
contamination1. However, given advancements in analytical and preparative scale 
instrument design, improvements in detection sensitivity, and improved stationary phases, 




purification and off-line fraction collection in high throughput bioprospecting of natural 
products. 
The development of multidimensional liquid chromatography (MDLC) offers 
significant improvements over traditional approaches to challenging separations in which 
one dimensional chromatography would result in insufficient purity, excessive purification 
time, or results in too many additional downstream processing steps. MDHPLC offers vast 
advantages over traditional 1D HPLC and is highlighted in the capacity to yield high 
purities of high value analytes of interest from highly complex sample matrices (i.e. cell 
lysates, waste stream components, plant extracts etc.) while decreasing the downstream 
processing steps. Two dimensional (2D) HPLC functions by performing a first dimension 
separation using a particular stationary and mobile phase combination, then using a 
modulation mechanism for collecting, holding, or transferring the eluent from the first 
dimension to the second dimension where the eluent from the 1st-D is subject to an 
additional chromatographic stationary and mobile conditions to further resolve the 
components. This can be performed using one of three operational modes: off-line, stop-
and-go, or on-line modulation by transferring either all of the 1D eluent (comprehensive) 
or particular pieces (heart-cutting)2-6. In order to maximize the 2D separation space, careful 
analysis and analytical optimization should be performed in order to attempt to achieve the 
following principles which would result in a theoretical maximization of a 2D HPLC 
system: 1) completely orthogonal separation mechanisms should be used, 2) there should 
be no loss of resolution from the first dimension to the second7,8, 3) first and second 




maximize resolution, 4) highly efficient columns should be used, 5) modulation should be 
fast enough to prevent statistical under sampling of the first dimension.  
Two dimensional HPLC is appealing in that the total peak capacity of the separation 
is a function of the product of the 1D (n1) and 2D (n2) peak capacities in fully orthogonal 
2D systems (where the retention in the first and second dimensions are not correlated) 
multiplied by a factor which incorporates how occupied the separation space is9. The 
expanded separation space provides statistical benefits of resolving analytes when columns 
employing minimally correlated retention mechanism are used due to the decreased 
probability of two analytes occupying the same 2D separation space10. However, there is 
typically some retention correlation between retention mechanisms, in particular when the 
same mode of separation are used in both dimensions which results in a decreased 
separation space from the theoretical maximum. In order to obtain improved orthogonality 
when two modes of separation are the same, changes in pore size, polarity, hydrophobicity, 
endcapping, mobile phase, buffer system, and/or pH between dimensions4,9,11-14.  While 
some of the most orthogonal systems for proteomics applications include strong cation 
exchange (SCX) x size exclusion chromatography (SEC), suitable orthogonality has been 
demonstrated between popular reversed phase (RP) retention mechanisms including: (RP 
x SEC), (RP x SCX), (RP x hydrophilic interaction chromatography (HILIC)), and (RP x 
RP)15.  
One of the critical limitations of on-line 2D HPLC is the modulation time, which is 
the time that the second dimension separates prior to the next subsequent injection. In 




increased temperature tolerance, faster re-equilibration, improved mass transfer 
characteristics, and wider pH range compared to traditional fully porous (FP) or 
superficially porous (SP) particle based columns2,16-20. However, there is limited phase 
availability of preparative scale monoliths compared to the diverse number of bonded 
phases available for FP or SP particle columns. Therefore, the second dimension flow rates 
for transferrable methods should be low enough that they can operate below the 
backpressure maximum of the pumps while high enough that they can sufficiently enable 
elution from the second dimension prior to the next injection. A major downfall of the FP 
and SP particle columns is the impact on HETP as flow rates increase compared to 
monolithic columns which have much flatter Van Deemter plots compared to SP or FP 
particles.  
 Advancements in MDHPLC instrumentation was and continues to be driven by 
chromatographers to combat the cost of purification as well as the challenges associated 
with complex samples. The focus of improvement of MDHPLC is to achieve high peak 
capacity, good dynamic range of sample throughput, reproducible separations, sensitive 
detection, and adequate throughput 21. While there have been many 2D instrument 
configurations2-6, the implementation of either narrow bore (0.006 in) or large bore (0.03 
in) 2-position 10-port valves reduces the complexity of modulation and allows for older 
instrumentation to be retrofit to perform 2D HPLC separations although currently, 
instrument manufacturers are developing and improving valves designed specifically for 




In the process of expanding the scope of 2D HPLC beyond analytical scale, the next 
largest scale instruments were semi-preparative22-24 due to the expanded flow rates of 
hybrid analytical/semi-preparative pumps, until 2014 where preparative instrument 
configurations were reduced to practice4,5.  Therefore, the development and advancements 
of preparative scale 2D HPLC is a key opportunity for improvement of the throughput 
aspect of the MDHPLC goals while achieving a high degree of automation, high peak 
capacity, reproducible separations, and scalability. Implementation of analytical methods 
that can directly bridge purification scale allows for method optimization to be performed 
at analytical scale and directly transfer to larger diameter columns with increased loading 
to achieve the tens to hundreds of milligram scale and beyond required for bioprospecting. 
Despite the more common practice of heart-cutting preparative HPLC, the ability to 
perform comprehensive preparative scale HPLC enables higher throughput without losing 
resolution which is of particular importance in dereplication studies of synergistic 
interaction of complex mixtures where structurally similar or isomeric configurations of 
compounds are common.  
In the present study, a two dimension on-line comprehensive preparative scale 2D 
HPLC for preparative separation of natural products is reported. A comprehensive system 
using high pressure loops modulated by a large bore (0.03”) 10-port 2-position valve. After 
evaluation as to the column dimension and flow rate limitations associated with preparative 
scale backpressure limitations, a 2D system that utilizes an atypically long (250 mm) 
column packed with fully porous particles was used in the second dimension in order to 




trapped in the high pressure loops prior to their subsequent injection onto the second 
dimension. This configuration allows for highly efficient 5 µm fully- and semi-porous 
particle phases to be used at operating pressures below 5000 psi. A weakly basic 
subfraction of the crude methanol extract of O. horridus was applied as a model complex 
mixture to evaluate the operation and performance of this preparative 2D HPLC system 
implementing a hydrophobic subtraction method approach to stationary phase 
orthogonality. This 2D preparative system was successfully applied in automatic 
separation of compounds using UV detection and UV triggered fraction collection. This 
approach demonstrates great advantages in sample throughput capacity and analytical 
efficiency by utilizing 5 µm semi and fully porous particle columns with long column 
lengths in both dimensions and provides increased automation and recovery of structurally 
similar compounds compared to conventional off-line separation methods. Advantages of 
the system for purification of complex samples include: 1) direct method transfer between 
processing scale, 2) commercially available column scalability from analytical to 
preparative separations, 3) operation of long, efficient second dimension columns (250 
mm), 4) capacity to operate in comprehensive or heart-cutting modulation. 
Experimental 
Chemicals 
HPLC grade Methanol (MeOH), ACS grade MeOH and formic acid (FA) (99%) 
were obtained from Fisher Scientific (Pittsburgh, PA, USA).  HPLC grade water (18.2 
MΩ) was generated through a Millipore Synergy UV system (Millipore, Bedford, MA, 





Two-Dimension Analytical HPLC-DAD 
All analytical experiments with DAD detection were conducted using a Shimadzu 
HPLC system (Shimadzu Scientific Instruments, Columbia, MD, USA) incorporating the 
following in the first dimension: CBM-20A system controller, DGU-20A5 degasser, FCV-
20AL low pressure gradient valve, LC-20AT pump,  SIL-20AHT auto sampler, and CTO-
20A column oven. First dimension separations were performed at 32°C. Modulation 
between dimensions was performed using a Vici Cheminert C2-0000D 10-port 2-position 
valve equipped with 2.0 mL loops and controlled using a custom written program (Vici, 
Houston, TX, USA). The second dimension was controlled by a Shimadzu SCL-10AVP 
controller and consisted of a DGU-20A5 degasser, FCV-10ALVP low pressure gradient 
valve, LC-10ADVP pump, Varian (Varian Incorporated, Santa Clara, CA, USA) 350 
column oven, and Shimadzu SPD-M20A diode array detector equipped with a standard 10 
mm path length flow cell. Second dimension separations were performed at 40°C. Data 
acquisition for the separation was collected using the Shimadzu Class-VP software at a rate 
of 6.25 Hz for 220-400 nm wavelengths with a flow cell temperature of 40°C after the 
second dimension separation (Shimadzu Scientific Instruments). 
 
Preparative HPLC-DAD  
Preparative 2D LC-LC purifications were carried out on a modified Shimadzu 
(Shimadzu Scientific Instruments) and Varian Prostar (Varian Incorporated) HPLC system 




Shimadzu DGU-20A5 on-line degasser, FCV-20AL low pressure gradient valve, LC-
20AT pump,  and CTO-20A column oven. Modulation between dimensions was performed 
using a Vici Cheminert C2-3000D 10-port 2-position valve equipped with 42.4 mL loops 
and controlled using a custom written program (Vici, Houston, TX, USA).  The second 
dimension consisted of Varian Prostar 218 pumps with 50 mL min-1 heads operating in 
high pressure binary mixing configuration, Varian 350 column oven, and Shimadzu SPD-
M20A diode array detector equipped with a standard 10-mm path length flow cell. The 
first dimension separation was performed at 32°C whereas the second dimension 
separation was performed at 40°C. A continuously adjustable flow splitter was used to port 
2.0 mL min-1 of the second dimension eluent into the detector flow cell. Data acquisition 
for the separation was collected using the Class-VP (Shimadzu Scientific Instruments) 
software at a rate of 6.25 Hz for 220-400 nm wavelengths with a flow cell temperature of 
40°C after the second dimension separation. 
 
Interface between dimensions 
Column switching was performed using 10-port 2-position Vici valves controlled 
by a custom written switching program. Analytical separations were optimized using 2.0 
mL loops connected to a 0.006 in i.d. 10 port valve. Preparative separations were optimized 
using 42.4 mL loops and used a 0.03 in i.d. port valve. A six min wide fraction from the 
1st-D was loaded into the loop followed by injection into the second dimension. The 2nd-D 
consisted of a 6 min modulation period run using a step gradient that was a function of the 




high efficiency, high resolution, 250 mm long columns to be used which result in directly 
scalable separations from analytical to preparative 2D HPLC at relatively low temperature 
(40°C).  
Analytical (4.6 mm i.d) and preparative (21.2 mm i.d.) columns contained 5 µm 
fully or superficially porous particles and were 250 mm long. The chromatographic 
separations in the first dimension were carried out on a Gemini-NX C18 fully porous 
particle column whereas the second dimension consisted of either Kinetex Phenyl-hexyl 
(PC6) superficially porous particle (analytical) or Gemini C6-Phenyl (C6P) fully porous 
particle columns (preparative) (Phenomenex, Torrence, CA, USA). The analytical column 
was used to evaluate the retention distribution of analytes and to optimize the method prior 
to scale up to preparative. The preparative chromatographic separations operated in 
conjunction with their respective guard columns (5 µm, 21.2 x 15 mm) and contributed to 
an increased bed length compared to the analytical scale separations which did not have 15 
mm long guard cartridges. Mobile phases for both dimensions consisted of water (A) and 
MeOH (B) with 0.1% FA in each. HPLC grade MeOH was used for analytical method 
optimization prior to preparative scale separations using ACS grade MeOH. 
 
Sample preparation  
As previously described in Chapter 2, the ethyl acetate (EtOAc) LLE crude 
subfraction was subject to preparative C18 fractionation. The recovered fractions (ET-1 to 
ET-11) were then dried and processed on solid phase extraction (SPE) sorbents. 




were used to further fractionate and selectively recover analytes of interest. The Et-10 






Table 4.1. Et-10 HLB-W3-WCX-E1 Optimized 2D HPLC 
method for C18 x C6P columns 











0 26.5 0 32 300.01 56.5 
105 26.5 36 32 395 56.5 
105.01 32 36.01 35.5 395.1 57.5 
170 32 66 35.5 410 57.5 
170.01 40 66.01 41 410.01 61 
395 40 105 41 480 61 
395.01 53 105.01 45 480.01 73 
515 53 170 45 515 73 
533 100 170.01 53 533 100 
554.8 100 230 53 549.9 100 
554.9 26.5 230.01 55.5 555 Stop 










Figure 4.2. 2D resolved contour plot of 1.0 mg ET-10 HLB-W3-WCX-E1 using the 
optimized method on Gemini C18 x Kinetex P6C columns 
 
 
Figure 4.3. 2D resolved 5 wavelength (270, 325, 350, 266, 282 nm) overlaid 







Figure 4.4 2D resolved contour plot of 21.2 mg ET-10 HLB-W3-WCX-E1 using the 
optimized method on Gemini C18 x Gemini C6P columns 
 
 
Figure 4.5 2D resolved 5 wavelength (270, 325, 350, 266, 282 nm) overlaid 







Figure 4.6 2D reassembled spectrum of 0-150 minutes at 280 nm A.) Analytical 
separation with Gemini C18 x Kinetex P6C columns B.) Preparative separation with 







Figure 4.7 2D reassembled spectrum of 150-350 minutes at 325 nm A.) Analytical 
separation with Gemini C18 x Kinetex P6C columns B.) Preparative separation with 






Figure 4.8 2D reassembled spectrum of 0-150 minutes at 280 nm A.) Analytical 
separation with Gemini C18 x Kinetex P6C columns B.) Preparative separation with 





Figure 4.9 2D reassembled spectrum of analytical separation at 268 nm with Gemini C18 







 The design of an on-line, comprehensive two-dimensional HPLC system 
incorporating loops as modulating traps is illustrated in Fig. 4.1. The design of the system 
allows for both heart-cutting and comprehensive analysis. The incorporation of a large bore 
modulation valve decreases the flow resistance of the high pressure tubing and allows for 
relatively high flow rates (1.750 mL min-1 and 37.1 mL min-1) at backpressures below 5000 
psi which around the upper limit for most preparative HPLC instruments. This meets the 
requirements and intersystem backpressure limit associated for method transfer between 
analytical and preparative scale 2D HPLCs. 
There are two popular models that can be used to analyze the selective interactions 
of retention mechanisms in attempting to identify orthogonal mobile phase and stationary 
phase combinations used to maximize the separation space in multi-dimensional 
separations and they are the hydrophobic subtraction model (HSM) and the linear free 
energy relationship (LFER) model25-27. The HSM focuses primarily on changing the 
stationary phase bonding group chemistry and employing phases that have different 
retention characteristics while the LFER model focuses on the properties of the mobile 
phase (MP). In cases where the retention mechanism is similar between the two columns, 
changing the pore size, polarity, endcapping, mobile phase, buffer system, and/or pH 
between dimensions4,9,11-14 have been demonstrated to provide improved retention 
orthogonality. However, if the same mobile phase can be used in both dimensions using 
differences in stationary phase retention mechanisms, it can circumvent issues that could 




which cause detrimental loss of resolution from the first to the second dimension. 
Additionally, using the same pH mobile phase in both dimensions alleviates some of the 
problems that are a result of the complex functional groups of natural products.  
Many ionizable natural products may have poor to no resolution under mobile 
phase pH conditions that are too similar to a pKa of a functional group which results in 
coelution, fronting, or tailing in a chromatogram. Typically weakly basic analytes have 
poor retention on alkyl based stationary phase (i.e. C4, C8, and C18) in acidic (e.g. pH < 
3) MP conditions and their retention factor, k, increases with an increase in the MP pH. 
One of the advantages of being able to manipulate the retention of analytes based on their 
pH is that in instances where less retention occurs in a low pH environment in the first 
dimension, if a small enough volume of eluent is subject to a second dimension separation 
at high pH, a higher percentage of organic modifier would be required to elute it, which 
can lead to improvements in signal to noise ratio when electrospray ionization is applied. 
Therefore, suitable orthogonality between dimensions can be achieved even when working 
with similar stationary phases. In this 2D system, the pH of both dimensions is ~2.7 
resulting in good peak shape as can be observed at analytical scale in Figures 4.2 and 4.3 
as well as at preparative scale in Figures 4.4 and 4.5. The use of an aqueous and MeOH 
containing MP is a function of solvent selectivity (i.e. dipole-dipole interactions, acidity, 
and basicity properties) and offers enhanced pi interactions between analytes and the 
stationary phase compared to acetonitrile (ACN). One of the reasons for this is that ACN 
contains an unsaturated triple bond which can reduce the retention of analytes adsorbing to 




The orientation of the columns corresponded with the HSM in which the longer 
hydrophobic retaining phase (C18) is used to separate in the first dimension with the less 
hydrophobic phase (either PC6 or C6P) in the second dimension. Ongoing efforts in order 
to decrease the environmental waste streams generated in purifications and decrease 
operation costs, it was more cost effective to operate the separations in an acidic MP to 
decrease the amount of organic solvent consumed. Therefore, in order to achieve 
orthogonality, differences in stationary phase were selected to improve the cost of the 
purification due to the relatively inexpensive cost of HPLC grade water compared to 
organic solvent. 
In order to obtain orthogonality and different selectivity of two chromatographic 
separations, changing the column stationary phase from C18 in the first dimension to a 6C-
phenyl group in the second dimension. This configuration resulted in a RP x RP 2D-HPLC 
system demonstrated to provide suitable orthogonality while using the same MP in both 
dimensions. This approach also follows a HSM approach where the impact of alkyl 
retention is changed between dimensions.  As can be observed in Table 4.1, the required 
solvent strength required to elute the compounds from the analytical PC6 and preparative 
scale C6P phases was much greater than that required to elute the analytes from the first 
dimension C18 phase. Therefore, applying the HSM approach to the 2D separation was 
suitable. The RP C18 retention mechanism is principally based on dispersion forces is 
reduced from the first dimension to the second dimension by a factor of 2/3. In addition, 
from the first to the second dimension, an increase in selectivity was achieved using a 




of alkyl retention was maintained while adding the alternative selectivity of pi-interactions. 
These pi-pi interactions are based upon charge transfer interactions between an electron 
donor and electron acceptor which offers slightly stronger interactions compared to van 
der Waals forces.  
The weakly basic analytes from O. horridus retain more on phases with increased 
pi interactions as a function of the differing retention mechanism compared to the C18 
bonded stationary phase. Due to the popularity of RP chromatography, there has been an 
expanded interest in developing novel bonding groups that provide alternative selectivity 
to the traditional C18 ligand that is commonly used. The inclusion of an aromatic selective 
phenyl phase provides unique aromatic selectivity compared to that of alkyl phases and the 
inclusion of phenyl moieties as bonded groups has grown in recent years to include C6-
phenyl, diphenyl, biphenyl, pentafluorophenyl, among other alkyl-phenyl derivatives. 
The pi-pi interactions between the analytes and stationary phase involve 
interactions where there are unsaturated functional groups (i.e. carbonyl, alkene, benzene 
derivatives, cyclohexene derivatives, etc.) and occur through either intermolecular or 
intramolecular interactions30. When the stationary phase (usually phenyl containing 
bonded phases) are electron-rich and the analyte is electron-deficient, the stationary phase 
can act as an electron donor (soft Lewis base), while the analyte molecule behaves as an 
electron acceptor (soft Lewis acid)29.Under optimized separation conditions, interactions 
between pi interactive stationary phase and MP combination can successfully separate 
closely structurally related compounds such as metabolites or degradation products 




stationary phase can be successfully implemented to resolve complex, structurally similar 
substituted aromatic compounds and polycyclic aromatic compounds using RP x RP 2D 
HPLC and can provide positional isomer separations without having to result to chiral 
chromatography17,31-34. This is particularly relevant approach to resolving complex 
aromatic natural products due to the fact that plants produce many types of structural and 
stereoisomers in the complex synthesis of these molecules via the Shikimic acid pathway.  
 The increased retention of the analytes on the C6P phase was important for 
maximizing resolution of the 2D separation space. One of the approaches to maintaining 
first dimension resolution in the process of translatable 2D HPLC methods is to use 
increased retention of analytes to the 2nd dimension phase. This approach enables 
refocusing of the diluted analytes trapped in the loop on the head of the second separation 
column. This approach of head refocusing has been determined to be a critical experimental 
variable in 2D HPLC separations where band dispersion is high, and minimization of 
transcolumn breakthrough of analytes is important35. This is particularly important where 
large volume loop trapping is implemented in 2D HPLC configurations. 
Due to the large volume of the trapping loop in order to gain an extension of 
modulation time for the second dimension separation, the injection of large volumes of 
solvent onto a similarly retaining column would result in excessive band broadening and 
loss of resolution from the first dimension if it were not capable of more retention than the 
first dimension. In this experiment, the injection volume of the loops of 2.0 mL and 42.4 
mL is approximately 69% of the calculated second dimension void volumes of 2.91 and 




increased retention of analytes on the second dimension prevent breakthrough and are able 
to maintain reasonable peak shapes as evidenced in Figures 4.2-4.8.   
In order to maximize the 2D separation space, it is critical to maintain the resolution 
gained from the first dimension in the process of modulation and subsequent secondary 
dimension purification. A disadvantage of on-line 2D HPLC is that the total run time 
available for performing the secondary separation is a function of the trapping and 
modulation mechanism. In analytical scale purifications, typically short columns, packed 
with small particles, or more popularly monolithic columns are used to separate small 
aliquots of eluent from the first dimension (20-200 µL) under high flow rates (>3.0 mL 
min-1 for a 4.6 mm i.d. column). However, preparative scale 2D HPLC is frequently 
operated in off-line or on-line heart cutting mode of modulation and fraction collection. 
The system described herein is for an on-line comprehensive system which can provide a 
directly scalable method of an analytical system for purification of extracts that contain a 
large number of structurally similar active compounds in bioprospecting for future lead 
compounds in the drug discovery process.  
Utilization of either fully-porous or core-shell particles in all aspects of the system 
described herein permit direct scalability between analytical and preparative 2D HPLC. 
This is a critical difference between the comprehensive or heart-cutting approaches where 
monolithic columns are very popular in the 2nd-D. However, currently there is limited 
commercial availability of monolithic columns at preparative scale for small molecule 
purifications which makes 2D method development illogical without a transferable 2nd-D 




developed for use in ion-exchange and affinity chromatography of biomolecules and is 
detailed in a review by Jungbauer and Hahn (2008)36. The silica based preparative 
monolithic columns that are commercially available for normal or reversed phase 
chromatography are currently available in either a silica based phase or RP-18 and are 
produced by EMD Millipore (Billerica, MA, USA) under the Chromolith Prep product line. 
While monolithic columns are preferred for their mass transfer characteristics, faster re-
equilibration, increased temperature tolerance, and wider pH range compared to fully or 
semi-porous particle based columns16-18, the lack of preparative scale monolithic columns 
with aromatic selective bonded phases is a limitation to their implementation for complex 
aromatic separations operating in RP mode. Additionally, in many preparative, pilot, and 
production scale chromatography applications, the columns typically employ dynamic 
axial compression technology to pack their columns using FP or SP particles. This 
approach of 2D HPLC using FP and SP particles permits the analytical optimization and 
subsequent scale up using optimized methods. Additionally, this 2D HPLC approach 
promotes the opportunity to retrofit the large scale processes to an on-line 2D configuration 
with minimal input cost especially if the equipment to perform parallel purifications is 
already in place.  
The length of the second dimension column (250 mm) in this case is atypically 
large for comprehensive 2D HPLC. Increasing the column’s length helps to overcome a 
loss of plate height due to the higher flow rate, while maintaining the ability to operate at 




longer 2nd-D column minimizes the impact of extra column band broadening associated 
with injecting a large trapping loop volume while maintaining sufficient peak shape.  
The backpressure limitations of the preparative 2D system operating with FP 
particles was the limiting factor in determining the optimal second dimension flow 
parameters which translated back to the analytical scale method development. Similar to 
the experimental results obtained in Chapter 3, decreasing the second dimension flow rate 
resulted in a higher total of number plates by moving more towards the optimal plate height 
range for 4.6 mm i.d. columns of 1.0 mL min-1. Due to the optimization being limited by 
backpressures of the second dimension, a flow rate of 1.750 mL min-1 would follow the 
trend observed in Chapter 3 which would result in improved resolution due to a reduced 
plate height compared to 2.0 mL min-1.  
One of the trends that has been progressing in analytical scale HPLC is the transfer 
from the traditional “standard” columns used for screening analytes which consisted of a 
4.6 mm i.d. column packed with 5 µm particles separating at a flow rate of 1.0 mL min-1. 
Improvements in detection and particle design have pushed the particle size down in two 
key progressive states: sub 3-µm particles and sub 2-µm particles. While each offers higher 
resolution than the 5 µm columns, they also generate much higher system backpressures. 
Sub 3-µm SP particles which now are commonly applied in HPLCs in narrower bore 
columns with shorter lengths due to their higher efficiency and higher backpressures. A 
trend has been to use sub 3-µm particles instead of the 5-µm particles due to the benefits 
of lower solvent consumption, faster re-equilibration, shorter run times, etc. This pattern 




size has decreased from 20, 15, 10, and now the newest 5 µm particle class are 
commercially available. A key benefit of the particle technology at preparative scale is the 
capacity to generate columns with comparable efficiency to those used in analytical method 
optimization which is the key factor in method transfer of the 2D separations performed in 
Chapter 3 as well as herein.  
Many vendors have full portfolios of highly efficient preparative scale columns 
packed with either FP or SP particles for scalable 2D HPLC separations that would 
otherwise be unavailable for preparative monolithic columns. The decreased diffusion path 
length and reduction in band broadening effects of eddy diffusion enable SP particles to 
achieve higher efficiencies at decreased backpressures compared to FP particles. The 
impact of the improvements in spherical particle design results in higher sensitivity and 
narrower peak widths compared to traditional FP particles as evidenced in the resolution 
differences between the A and B panels of Figures 4.6-4.8.  The resulting increase in 
efficiency results in a higher peak capacity, narrower eluting peaks, and better resolved 
peaks which is in agreement with the differences in established mass transfer 
characteristics of the particles. There is an increase in the tailing factor of the preparative 
run in which case both dimensions were fully-porous particles as well as an overall 
decrease in resolution. Despite the lower resolution compared to the SP particles, the 
preparative separations still offer an improved resolution beyond that achievable with 
single dimension HPLC using C18 alone. Additionally, the retention groups that are 
observed using the SP particles at analytical scale, can still be observed in the preparative 




using DAD and mass spectrometer (MS) based detection mechanisms, the characteristic 
retention patterns of analytes in a specific stationary and mobile phase combination in both 
phases results in characteristic retention maps of structurally similar analytes which allows 
for fast routine screening37,38. 
Therefore, while there are differences in the retention and resolution of the analytes 
in Figures 4.2-4.8, the resolution of distinctive groups of analytes and their retention 
patterns can better be viewed in Figures 4.6-4.8. While there is an overall decrease in the 
sensitivity of the detection of the preparative separation, much of that can be attributed to 
the presence of UV absorbing impurities of using an inferior grade solvent. Therefore, 
reconstruction of the 555 min run was performed using either 280 nm (0-150 min, 350-555 
min) or 325 nm (150-350 min) wavelengths for their improvements in signal to noise ratio 
over other more selective wavelengths (e.g. 266) for the 150 - 350 min section of the 
analysis. As demonstrated in Figures 4.2-4.5, 266 nm is a selective wavelength that results 
in significant signal to noise ratio improvements over some of the other wavelengths and 
was used to reconstruct the 2D analysis in Figure 4.9. The peak height and total number of 
peaks is the greatest of those detected at analytical scale however, due to the large amount 
of UV absorbance of the ACS grade MeOH, it couldn’t be used for detection at preparative 
scale.  
Due to the decreased kinetics and longer re-equilibration times of the SP and FP 
particles used at analytical and preparative scales in this experiment, the second dimension 
operated using a step gradient as a function of the total run time instead of as a function of 




beyond approximately 100 mm, the decreased maximum flow rate of FP and SP packed 
columns requires much longer reequilibration. This is one of the underying problems with 
using gradients as a function of modulation time compared to total run time, as the 
reequilibration process would contribute to a large portion of the modulation period and 
decrease the useful range of the separation time. To alleviate this problem, there are special 
supports for performing high temperature separations (60-100°C) in order to permit high 
flow rates on short columns (50 mm) while still using particle based supports for the 
bonded phases. In order to maximize column life and the separation space, a gradient as a 
function of total run time was used instead of a gradient based on modulation time. 
Additionally, this approach to performing 2D gradient elution decreases the impact of the 
gradient delay that is associated with binary high pressure mixing instrument 
configurations.  
An additional benefit of performing the step gradient as a function of total run time 
is that it enabled the separation to be performed with an expanded separation space. The 
expanded separation space is attributed to the possibility for peak wrapping from beyond 
the 360s time point while the subsequent loop was loaded onto the second column. This 
can be clearly observed in Figure 4.8B where the differences in the FP preparative scale 
configuration results in insufficient resolution and broadened peaks in both the first and 
second dimensions. However, this approach can result in more difficulty associated with 
quantitation of analytes and the benefits should be carefully weighed to factor in resolution 




phases in optimized conditions results in minimal instance of peak wrap around and thus 
the decrease of resolution is attributed to the SP particle type. 
Many columns cannot operate for extended periods of time at high temperatures in 
conjunction with pH extremes which results in shortened life times compared to those 
operated at mild (30-50°C) temperatures. Due to the significant input cost of preparative 
columns, maximizing their lifetime by selecting robust bonded stationary phases for the 
pH ranges used as well as operating at milder operating temperatures can be easily reduced 
to practice to manage purification costs. Decreasing the total time and capital investment 
required to perform preparative scale and larger purifications is critical due to the 
significant increase in energy, solvent, columns, and instrumentation costs beyond that of 
analytical scale. Therefore the capacity to operate long second dimension columns in a 
mild temperature while maintaining system backpressures of under 5,000 psi  is in stark 
contrast to analytical scale 2D analyses that utilize short columns with high flow rates 
operating at high temperatures (>60°C).  
Unlike the data acquired in Chapter 2, where a different set of aromatic selective 
columns were employed (C6-Phenyl x Biphenyl (BIP)), the data collected in this chapter 
demonstrate decreased resolution. This decrease in resolution is principally due to two 
main reasons: first, only 2 bonded groups (C18 and C6P) are responsible for the detected 
resolution instead of 3 (C18, C6P, BIP) and secondly, UV detection was used instead of 
MS detection. The HSM method of SP selection is a calculated approach for determining 




functional group modifications of the alkyl ligand (i.e. addition of a phenyl or substituted 
phenyl group). 
In the method development process of screening columns, the popular go to column 
is a C18 ligand when performing RP separations. One of the key reasons for this is the 
primary means of retention—dispersion forces. Then, changing the length of the alkyl 
group that is bonded to the particle support as well as modifying the alkyl group to have 
different functional groups can provide different selectivity based up on the intermolecular 
forces that exhibit between analytes and the stationary phase. As described in Chapter 2, 
the crude ethyl acetate fraction was partitioned into narrowly eluting groups based upon 
their alkyl retention. Then, solid phase extraction was performed to partition the weakly 
basic fractions from the acidic or neutral compounds of the C18 partitioned Et-1 to Et-11 
subfractions. In this chapter however, alkyl retention is used as the first dimension followed 
by C6P. Therefore, the chromatograms generated in this chapter are separated based upon 
two stationary phase selectivities instead of three. While C18 is a common phase that offers 
generic retention of a diverse group of analytes based primarily upon their lipophilicity, it 
doesn’t have as much aromatic selectivity as either C6P or BIP phases with their one or 
two phenyl rings, respectively.  
Further improvements in the separation could be made by decreasing the bore of 
the first dimension column to 2.1 mm or 10.0 mm i.d. at analytical and preparative scale, 
respectively. Decreasing the diameter would permit improvements in the resolution due to 
operating in a more ideal linear velocity across the FP or SP particle columns without 




the first column could in fact extend the modulation time which could permit lower flow 
rates in the second dimension resulting in an improved plate height and a combined 
improvement in total system resolution. Additionally, running multiple 2D columns in 
parallel39-41, optimizing the loop volume, increasing the temperature of the 2D column, or 
further improving the selectivity of the stationary and mobile phase conditions could 
improve the total resolving power of the preparative separation.  
 The limitations of the on-line comprehensive modulation frequency puts a tight 
experimental constraint on the maximizing of the second dimension separation compared 
to off-line 2D separations. If the preparative scale separation were to employ trapping 
columns or to merely operate in heart-cutting fractionation mode, further optimized 
methods could be developed and elaborated upon. In many natural products, where 
structurally similar compounds are synthesized and dereplication of active fractions is 
required, comprehensive 2D HPLC offers an improved recovery of the subcomponents due 
to the entire first dimension eluent being subject to secondary fractionation. That’s one of 
the reasons that it’s one of the first experiments performed under optimized analytical scale 
conditions. In the case that many components are positive for biological activity, the 
capacity to directly transfer methods to preparative scale alleviate weight throughput 
limitations that would be resultant from comprehensive analytical purifications, or require 
excess time to perform using heart-cutting 2D HPLC. Due to the splitting of the preparative 
process stream, either UV or MS triggered fractionation enables higher purities and 
improved recovery of closely eluting analytes. As shown in Chapter 3, the incorporation 




of purification and is standard for method development as well as collecting UV-Vis 
absorbance data using a DAD. Employing SP particles instead of FP particles would also 
result in a drastic improvement in the resolution as was observed in Figures 4.6-4.9 and 
that is one of the easiest means to directly improve the operating parameters and total 
resolving power of a 2D HPLC system.  
 
Conclusions 
A preparative scale 2D HPLC system was developed to show scalability of 
separations of basic compounds from a challenging complex natural product extract from 
O. horridus. The 2D separations herein demonstrate the utility and application of 5 µm 
fully porous particle columns for scaling HPLC separations from analytical to preparative 
scale for drug discovery and purification applications. The ability for direct method transfer 
provides the opportunity to automate and improve the throughput of challenging natural 
product separations where recovering large quantities of high purity compounds is a rate 
limiting step. This on-line comprehensive preparative scale 2D HPLC approach to natural 
product purification uses high efficiency columns in both dimensions which provides 
drastic advantages over traditional preparative methods. Commercially available 5 µm 
fully and superficially porous spherical particle columns allow for direct scaling of 
optimized separations from analytical scale to preparative scale 2D HPLC. One obvious 
advantage of scaling directly to preparative scale 2D HPLC is that resolution can be 
maintained when using the same phases at analytical and preparative scale. Additionally, 




after a first dimension separation and results in higher quantity of compound purified. This 
is of particular importance in preparative chromatography where the recovery of dilute 
analytes from a large volume of aqueous solvent can result in a rate limiting step prior to 
subsequent downstream purification processes. The 2D configuration described permits 
either fully porous or semi porous columns to operate in the second dimension at relatively 
mild column temperatures (40°C) which increases column lifetimes and stability of 
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A preparative scale 2D HPLC system was developed to reduce to practice and 
demonstrate the capacity for scalability of on-line comprehensive 2D HPLC separations of 
basic compounds from a challenging natural product extract of Oplopanax horridus. The 
high demand for more efficient purification processes with increased automation and 
throughput pushes the development of more advanced preparative, pilot, and process scale 
HPLC instrumentation that is capable of achieving higher purities than are currently 
achieved using one dimension separations. The increasing utilization of cell and bacterial 
cultures, as well as plants to produce high value organic molecules and drugs in turn results 
in an increase in the generic matrix effects of their extracts. Cell lysates, bioprocessing 
waste streams and plant extracts are just a few examples of complex samples that contain 
diverse classes of compounds that must be purified to meet the purity and weight 
requirements required for further synthetic modification or for use as biologically active 
therapeutics. One of the approaches to alleviate throughput bottlenecks is to improve the 
throughput, resolution, automation, and recovery of target molecules through improved 
chromatographic processes. Furthermore, these improved chromatographic processes 
should result in a decrease in the time to recover the analytes of interest by reducing the 




 The recovery of target analytes in traditional one-dimension systems has 
been improved by using improved stationary phases as well as more selective ligands. A 
limitation however, of many improvements that have been made at analytical scale by 
using sub-2 µm particles and very high pressures (>15,000 psi), isn’t transferrable beyond 
analytical scale due to instrumental limitations of pump design. Stationary phase design 
improvements have resulted in more efficient superficially porous (SP) particles and 
monolithic columns which offer reduced backpressures and higher efficiencies than the 
older fully porous particles.  
Advancements in the design of preparative instruments has permitted the 
incorporation of 5 µm diameter particles which have been a standard size commercially 
available in analytical bore (≤4.6 mm i.d.) columns for over ten years. While some 
analytical scale instruments have shifted to a smaller sub-3 µm particle with a shorter 150 
mm length column in order to save solvent and time, 5 µm particles are still common in 
many labs. Therefore, using columns and instrumentation that are already in place in either 
a lab or a processing environment, the incorporation of techniques that drastically improve 
resolution without increasing the initial capital investment in new equipment is a huge cost 
savings.  
Multidimensional HPLC separations can offer an improvement in the total number 
peaks that can be resolved while operating in one of three operational modes: off-line, stop-
and-go, or on-line modulation. While each mode of operation has their own benefits, 
comprehensive on-line separations used in bioprospecting are the target type of separation 




structurally similar analytes must be separated and recovered, initial screening of optimized 
methods and immediate scaling to preparative 2D HPLC enables higher weight throughput 
to meet the demands of biological testing, additional orthogonal purity verification, and 
spectroscopic identification activities.   
The 2D separations herein demonstrate the utility and application of long columns 
(250 mm) packed with 5 µm fully porous particle which enable directly scalable HPLC 
separations from analytical to preparative scale and beyond where the instrumentation 
permits 5,000 psi backpressure. A major shortcoming of employing FP or SP particle 
columns in the second dimension and operating at high flow rates is the impact on height 
equivalent to a theoritcal plate (HETP) as flow rates increase compared to monolithic 
columns which have much flatter Van Deemter plots compared to SP or FP particles. 
Furthermore, the increase in backpressure is much higher than that of monolithic columns 
where higher flow rates can be applied at a lower backpressure when operated at an 
equivalent temperature and column inner diameter. Despite these shortcomings of FP and 
SP particle based columns, the primary shortcoming of analytical 2D HPLC methods 
incorporating monolithic columns is the limited number of bonded phases available for 
small molecule separations at analytical scale, as well as an even smaller number of bonded 
phases at preparative scale. Therefore, in an approach to develop relevant methods that can 
be directly scaled, monolithic columns are excluded and both FP and SP particles are 
demonstrated.  
Incorporating time proven separations using FP particle phases for large preparative 




further method development. The decreased diffusion path length reduction of eddy 
diffusion enable SP particles to achieve higher efficiencies at decreased backpressures 
compared to FP particles. These advantages directly result in higher sensitivity as a result 
of narrower peaks. This type of drop in improvement is hugely important at a processing 
scale, where bulk media is purchased and then packed within the facility using reusable 
stainless steel processing columns with replaceable components. This is one means of 
controlling the total cost of purification and improving resolution simply by changing the 
particle type. The majority of chromatography column suppliers offer a diverse portfolio 
of FP and SP bonded phases which aren’t currently found in monolithic columns.  
The hydrophobic subtraction method has been highlighted as a means to 
methodically screen complex mixtures in both off-line and on-line 2D separations. The 
weakly basic analytes recovered from the O. horridus ethyl acetate liquid-liquid extraction 
layer increased in retention as the number of phenyl groups increased in a mobile phase 
consisting of 0.1% formic acid in water and methanol. The alkyl length of the SP decreased 
in both Chapter 3 and Chapter 4 from a 6 carbon chain to the absence of the alkyl chain in 
Chapter 3 where C6-phenyl and biphenyl phases were used whereas the carbon chain 
length decreased from 18 to 6 in Chapter 4 where C18 and C6-phenyl phases were used. 
The 3 SP approach of C18, SPE, (C6P x BIP) used in Chapter 3 resulted in a higher number 
of resolved compounds based upon their charge transfer pi-pi interactions. The complex 
ring structures that are associated with many natural products as well as other unsaturated 
functional groups provide a unique opportunity for increased selectivity while operating in 




Incorporation of step gradients as a function of the total run time as compared to 
the modulation time enables an expansion of the separation space beyond that which is 
possible when operating 2D gradients as a function of the modulation time.  This is a 
critical aspect of the instrumental configuration where the second dimension is long and 
would require a significant amount of the modulation time to be reequilibrated which 
would decrease the effective gradient time for the separation. The incorporation of a high 
enough MP strength to elute the analytes from the second dimension within either the 
modulation time or the modulation time plus the loop volume divided by the 2D flow rate 
allow for peak wrap around and an extension of the 2D separation beyond the modulation 
time alone. However, peak wrap around can result in difficulties in accurate quantitation 
of analytes and the benefits should be carefully weighed in a case by case basis. 
One of the key design aspects of implementing a 2D configuration as opposed to 
using two 1D HPLC instruments is the means of recovering the eluent from the first 
dimension, minimizing band broadening, minimize pressure drop, and inject the collected 
1D eluent onto the second chromatographic column. In the instrument configuration 
described herein, the bore size of the rotor seal and stator assembly is important as those to 
variables directly impact the backpressure on the second dimension HPLC pump(s). The 
10-port 2-position valves used in both the analytical and preparative scale modelling can 
be scaled up to process scale diameters enabling high volumes of solvent at high pressure 
to be passed through with a minimal impact on pressure drop. This type of plumbing 
scheme would enable a drop in solution for preparative, pilot, and process scale 2D 




this approach to implementing scalable methodology to preparative and process 
chromatography while minimizing input cost of the upgrade is of key commercial 
importance. 
The automated modulation of on-line 2D preparative chromatography eliminates 
the fraction collection, concentration, and resuspension process that can be a rate limiting 
step in throughput at preparative scale. This is of particular relevance when RP separations 
are performed in high aqueous mobile phases. This decreases the time requirements of 
technicians to perform the concentration tasks while decreasing their exposure to large 
volumes of flammable and hazardous solvents.  
The mobile phase used in both dimensions decreased the impact of large injection 
volumes of drastically different solvents onto a similarly retaining phase due to the 
configuration of the SP. It was possible to inject ~69% of the column void volume onto the 
second dimension column which was operating at a higher organic percentage than the first 
dimension without suffering from breakthrough. The refocusing of the analytes at the head 
of the second dimension column enabled good resolution and sufficient adsorption without 
extensive transcolumn band broadening prior to elution in the second dimension. This is 
particularly obvious for the analytical scale separations performed using the SP particles. 
One of the reasons for operating in an acidic environment in both dimension is that the 
basic analytes have decreased retention compared to a basic pH and thus less organic 
solvent has to be consumed resulting in a more cost effective purification process due to 




The separation temperature is a key aspect of retention as well as the lifetime of 
columns. While improvements in synthesis of the bonded stationary phases has resulted in 
more rugged pH stable and longer lasting spherical particle phases, the long term operation 
at high temperatures can result in a decreased column lifetime and higher operational cost. 
The 2D configuration permits the use of highly efficient columns in both dimensions while 
operating at mild column temperatures in both dimensions 32 °C and 40 °C respectively.  
The incorporation of diode array detectors (DAD) as well as electrospray ionization 
mass spectrometry for detection allows for characteristic analysis of analytes to be 
generated.  A DAD is capable of collecting the entire ultraviolet and visible absorbance 
spectrum in real time as mobile phase passes through the detector flow cell. Electrospray 
ionization is a soft ionization technique which enables tandem mass spectrometry which is 
highly useful in metabolite and degradation profiling. The coupling of these two detection 
techniques is highly useful for characterizing analytes and evaluating peak purities as well 
as generating libraries of analytes resolved in 2D due to the characteristic retention patterns 
that can be observed due to the two retention mechanisms. Additionally, the capacity for 
these detectors to trigger fraction collection can result in much tighter tolerances of 
recovered analytes compared to others based on a ratio of absorbance values at multiple 
wavelengths or the first or second dimension mass spectral profile using mass to charge 
triggers. 
In conclusion, the methodology applied herein demonstrates clear advantages of 
2D HPLC reduced to practice using automatic separation of weakly basic compounds using 




optimization and then direct method transfer to preparative scale and beyond so long as the 
stationary phases and mobile phases are kept the same. The goal for the 2D methods 
developed herein are for conversion and retrofitting less efficient repetitive 1D processes 
to an on-line 2D configuration with minimal input cost (especially if the equipment to 
perform parallel purifications is already in place). Furthermore this approach demonstrates 
great advantages in sample throughput capacity and resolution over traditional methods by 
utilizing 5 µm semi and fully porous particle columns with long column lengths in both 
dimensions while provides increased automation and higher purity recovery of structurally 
similar compounds compared to conventional 1D separation methods. Advantages of the 
system for purification of complex samples include: 1.) direct method transfer between 
processing scales, 2.) commercially available column scalability from analytical to 
preparative separations, 3.) operation of long, efficient second dimension columns (250 
mm) 4.) capacity to operate in comprehensive or heart-cutting modulation, 5.) large 
injection volumes with minimal impact of breakthrough, 6.) capability to implement a 
modulation mechanism as a retrofit two 1D HPLCs enabling 2D HPLC capacity in any of 
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1 6 75.028 3.743E+05 61.053 1.563 
2 6 77.374 2.558E+05 51.463 2.230 
3 6 81.479 3.386E+05 61.747 3.012 
4 6 84.998 2.359E+05 58.769 2.467 
5 6 93.208 2.482E+05 46.966 2.533 
6 6 96.140 2.240E+05 39.456 2.449 
7 6 216.945 1.440E+05 29.608 2.802 
8 12 16.385 2.951E+05 51.394 4.034 
9 12 69.751 3.835E+05 46.563 2.171 
10 12 89.689 1.932E+05 46.928 3.732 
11 12 133.085 2.695E+05 43.357 3.427 
12 12 160.061 6.865E+04 12.48 3.367 
13 12 222.809 1.849E+05 34.202 3.059 
14 12 262.686 1.310E+05 24.631 1.895 
15 12 337.750 8.207E+04 21.122 2.667 
16 18 107.282 8.941E+04 21.359 3.259 
17 18 110.801 8.434E+04 23.084 2.970 
18 18 116.665 1.160E+05 24.443 1.521 
19 18 128.980 2.719E+05 63.519 3.680 
20 18 282.625 1.429E+05 35.005 4.778 
21 18 290.249 1.270E+05 26.768 5.155 
22 18 334.231 2.193E+05 43.874 3.892 
23 24 20.490 2.446E+05 50.171 4.599 
24 24 55.090 1.493E+05 30.143 5.065 
25 24 180.000 3.203E+05 75.889 1.863 
26 24 182.345 1.615E+05 32.127 0.873 
27 24 206.389 2.412E+05 55.987 8.638 
28 24 228.673 2.712E+05 54.794 3.892 
29 24 233.951 8.762E+04 19.548 3.539 
30 24 266.205 4.921E+04 12.435 2.314 
31 30 84.998 3.059E+05 66.694 2.021 
32 30 100.831 1.206E+05 31.194 1.889 
33 30 123.116 2.532E+05 59.16 2.382 












35 30 215.772 4.286E+04 10.822 2.778 
36 30 263.859 2.391E+05 55.856 2.032 
37 30 338.922 2.660E+05 49.818 1.793 
38 30 356.515 1.081E+05 22.829 1.132 
39 36 75.028 1.661E+05 34.659 2.324 
40 36 138.363 1.991E+05 49.184 4.517 
41 36 181.759 1.524E+05 44.342 1.539 
42 36 225.155 5.010E+04 12.348 3.252 
43 36 302.564 1.370E+05 31.398 1.583 
44 36 308.428 1.947E+05 42.501 2.465 
45 42 35.738 9.505E+04 21.145 3.710 
46 42 50.398 1.488E+05 30.742 3.614 
47 42 79.133 1.210E+05 30.611 3.650 
48 42 116.665 2.639E+05 57.838 2.077 
49 42 142.468 2.440E+05 59.335 4.740 
50 42 164.166 9.707E+04 21.594 2.243 
51 42 310.774 5.227E+04 16.177 1.589 
52 42 357.102 8.343E+04 20.668 1.240 
53 48 10.521 2.292E+05 56.584 6.593 
54 48 39.843 1.033E+05 24.184 3.968 
55 48 86.757 3.925E+05 68.532 1.526 
56 48 96.140 1.062E+05 27.234 1.200 
57 48 101.418 1.438E+05 26.606 1.236 
58 48 131.326 4.769E+04 14.01 1.552 
59 48 213.426 2.566E+05 50.794 2.615 
60 48 257.409 9.330E+04 22.599 5.417 
61 48 285.557 4.205E+05 77.87 2.905 
62 48 354.756 3.545E+04 11.341 2.102 
63 54 83.238 9.629E+04 25.738 1.559 
64 54 107.282 5.900E+04 15.424 3.110 
65 54 123.702 6.807E+04 19.503 2.532 
66 54 157.129 2.297E+05 58.94 2.112 
67 54 160.647 2.180E+05 62.541 3.979 
68 54 248.612 1.511E+05 35.992 3.884 
69 54 303.150 2.435E+05 65.129 2.074 
70 54 310.774 4.389E+04 13.63 1.059 
71 60 95.554 4.665E+04 14.127 1.475 












73 60 146.573 2.323E+05 53.704 1.921 
74 60 173.549 8.697E+04 23.322 2.193 
75 60 268.551 2.756E+05 48.716 1.870 
76 60 277.347 2.293E+05 49.188 1.348 
77 60 324.262 5.365E+04 12.581 6.119 
78 60 341.855 1.653E+05 40.187 4.353 
79 60 346.546 1.675E+05 37.522 4.246 
80 66 44.534 1.173E+05 30.175 2.982 
81 66 47.466 1.436E+05 40.312 2.869 
82 66 84.998 1.203E+05 29.773 1.847 
83 66 128.394 4.017E+05 82.814 1.738 
84 66 195.833 1.762E+05 35.4 2.824 
85 66 233.951 3.463E+05 67.207 2.492 
86 66 300.218 2.336E+05 40.906 2.212 
87 66 355.343 1.838E+05 47.3 1.843 
88 72 113.146 5.583E+04 15.322 3.403 
89 72 150.092 6.215E+04 17.856 2.718 
90 72 157.715 2.317E+05 48.29 1.500 
91 72 165.339 4.163E+04 11.416 2.884 
92 72 191.142 4.551E+04 13.74 3.179 
93 72 252.131 6.343E+04 13.721 2.714 
94 72 263.859 1.059E+05 26.365 3.009 
95 72 272.069 1.402E+05 38.522 3.036 
96 72 276.174 4.076E+04 12.301 1.362 
97 78 55.676 1.197E+05 25.251 2.898 
98 78 103.177 9.336E+04 23.24 1.832 
99 78 130.153 5.479E+04 17.496 2.175 
100 78 145.400 1.915E+05 48.583 2.293 
101 78 172.376 2.163E+05 54.87 2.143 
102 78 215.186 3.570E+05 63.477 1.694 
103 78 236.297 1.354E+05 34.992 2.818 
104 78 269.724 2.512E+05 72.268 2.366 
105 78 307.842 1.894E+05 53.239 1.646 
106 78 310.774 1.418E+05 32.528 1.952 
107 84 135.431 5.599E+04 13.682 3.098 
108 84 177.067 7.394E+04 22.957 2.225 
109 84 229.846 6.086E+04 13.734 2.374 












111 90 2.897 4.446E+04 11.468 5.873 
112 90 36.324 2.080E+05 54.843 4.139 
113 90 48.639 5.720E+04 14.763 2.109 
114 90 63.886 1.309E+05 31.485 2.371 
115 90 68.578 2.372E+05 60.188 3.504 
116 90 72.096 1.118E+05 25.647 3.388 
117 90 82.652 1.080E+05 21.689 1.918 
118 90 119.597 2.259E+05 54.381 2.180 
119 90 193.488 6.838E+04 18.774 3.020 
120 90 306.669 1.942E+05 48.378 1.707 
121 90 316.638 1.161E+05 29.437 4.367 
122 96 14.626 5.603E+04 14.033 3.913 
123 96 19.317 1.400E+05 26.818 3.297 
124 96 25.768 1.271E+05 32.454 6.590 
125 96 141.295 3.759E+05 73.596 3.660 
126 96 150.092 4.276E+04 13.353 3.010 
127 96 170.617 9.411E+04 28.647 1.314 
128 96 175.308 4.755E+04 14.456 2.000 
129 96 183.518 2.074E+05 58.697 4.560 
130 96 190.555 2.093E+05 51.595 2.445 
131 96 199.352 7.584E+04 20.529 3.767 
132 96 212.253 3.321E+05 91.956 2.795 
133 96 286.730 1.939E+05 52.539 2.201 
134 96 361.207 1.522E+05 32.756 288.011 
135 102 40.429 1.745E+05 44.582 1.991 
136 102 58.608 1.297E+05 31.965 1.899 
137 102 79.720 2.592E+05 58.163 2.540 
138 102 94.967 2.653E+05 64.298 4.174 
139 102 102.591 1.396E+05 33.819 1.580 
140 102 115.492 5.269E+04 14.889 2.862 
141 102 121.357 2.547E+05 63.912 2.156 
142 102 158.888 3.546E+04 11.742 2.739 
143 102 187.623 7.280E+04 24.936 4.746 
144 102 215.186 2.380E+05 67.384 2.590 
145 102 262.686 1.087E+05 25.497 2.853 
146 102 301.391 4.488E+05 80.356 2.953 
147 102 343.027 2.045E+05 48.763 4.640 












149 108 65.646 2.606E+05 57.653 2.345 
150 108 107.869 8.366E+04 24.218 5.693 
151 108 153.610 2.234E+05 60.552 3.909 
152 108 170.617 6.827E+04 16.807 0.851 
153 108 207.562 1.957E+05 43.285 4.724 
154 108 347.719 2.028E+05 53.853 5.188 
155 108 356.515 3.720E+04 11.612 3.722 
156 114 43.948 2.034E+05 46.296 2.885 
157 114 49.225 8.776E+04 20.574 2.412 
158 114 56.849 2.960E+05 64.602 1.902 
159 114 90.862 2.531E+05 65.913 4.304 
160 114 119.597 9.602E+04 24.98 1.758 
161 114 161.234 2.489E+05 58.407 1.061 
162 114 202.870 2.999E+05 62.964 2.656 
163 114 218.704 6.372E+04 14.274 2.268 
164 114 228.673 7.980E+04 17.394 2.497 
165 114 242.748 2.587E+05 48.571 4.515 
166 114 253.890 1.159E+05 28.558 4.250 
167 120 41.015 2.740E+05 59.021 1.504 
168 120 53.331 7.598E+04 20.568 4.383 
169 120 83.825 9.283E+04 24.15 2.736 
170 120 102.004 5.784E+04 17.146 1.746 
171 120 177.654 2.179E+05 51.965 2.718 
172 120 213.426 2.468E+05 55.379 2.480 
173 120 258.581 1.549E+05 37.528 4.257 
174 120 283.798 1.786E+05 35.727 2.985 
175 120 335.990 2.617E+05 69.502 1.480 
176 126 35.738 4.262E+05 94.337 1.070 
177 126 128.394 3.816E+05 57.367 1.722 
178 126 150.678 2.572E+05 56.908 2.772 
179 126 161.820 2.718E+05 62.808 1.273 
180 126 192.901 2.629E+05 57.382 3.006 
181 126 269.137 2.332E+05 55.601 2.600 
182 126 294.940 7.774E+04 17.676 2.702 
183 126 327.194 2.367E+05 53.114 3.172 
184 132 16.385 1.353E+05 24.199 1.075 
185 132 86.757 2.814E+05 71.906 2.958 












187 132 158.888 3.361E+04 9.949 3.209 
188 132 168.857 9.753E+04 20.713 2.253 
189 132 180.000 3.155E+05 60.456 2.007 
190 132 187.037 6.319E+04 15.042 2.768 
191 132 318.397 9.867E+04 25.672 2.955 
192 132 336.577 2.115E+05 54.025 1.404 
193 138 30.460 1.944E+05 40.802 1.832 
194 138 35.738 1.889E+05 52.278 1.208 
195 138 58.022 5.797E+04 12.983 1.756 
196 138 141.295 4.291E+04 12.118 3.783 
197 138 201.698 5.595E+04 15.463 2.780 
198 138 265.032 2.753E+05 61.778 3.134 
199 138 288.489 5.556E+04 12.814 3.096 
200 138 297.872 1.844E+05 36.895 2.661 
201 138 357.688 6.725E+04 17.832 422.475 
202 144 66.232 5.546E+04 17.835 4.133 
203 144 103.177 9.344E+04 22.26 1.907 
204 144 126.048 1.635E+05 36.669 2.253 
205 144 183.518 1.682E+05 49.923 4.487 
206 144 212.840 2.404E+05 55.557 2.495 
207 144 233.951 5.862E+04 15.861 4.504 
208 144 323.089 1.013E+05 34.711 3.030 
209 144 352.997 6.524E+04 18.876 1.755 
210 150 15.799 1.915E+05 47.214 2.029 
211 150 46.880 2.908E+05 75.734 2.285 
212 150 49.812 1.501E+05 43.484 2.813 
213 150 97.899 2.835E+05 68.73 2.214 
214 150 114.906 8.469E+04 21.619 1.378 
215 150 205.803 1.135E+05 24.42 3.557 
216 150 227.501 1.774E+05 40.394 1.957 
217 150 268.551 4.676E+04 13.521 2.204 
218 150 316.052 1.344E+05 36.426 3.101 
219 150 320.743 1.795E+05 47.656 1.778 
220 150 324.848 1.222E+05 33.825 2.076 
221 156 5.830 1.019E+05 25.385 7.466 
222 156 27.528 1.783E+05 51.013 4.110 
223 156 31.046 2.568E+05 61.918 2.039 












225 156 82.652 5.450E+04 17.718 2.673 
226 156 88.516 2.457E+05 63.46 2.714 
227 156 210.494 7.637E+04 21.353 1.680 
228 156 277.347 4.924E+04 13.463 2.445 
229 156 334.817 1.395E+05 32.091 2.682 
230 156 345.960 4.573E+04 12.503 3.964 
231 156 350.651 2.357E+05 57.758 2.815 
232 156 354.170 1.005E+05 25.465 1.377 
233 156 360.034 1.033E+05 30.244 511.774 
234 162 53.917 2.381E+05 59.354 4.525 
235 162 110.801 2.822E+05 62.262 4.078 
236 162 122.529 1.588E+05 41.019 2.630 
237 162 128.980 7.237E+04 19.027 2.605 
238 162 169.444 2.559E+05 55.721 2.950 
239 162 172.962 1.028E+05 26.53 1.710 
240 168 41.602 1.933E+05 51.899 5.413 
241 168 48.639 1.480E+05 31.8 1.745 
242 168 191.142 1.796E+05 37.63 3.881 
243 168 223.396 9.189E+04 22.497 3.787 
244 168 228.673 6.725E+04 16.188 1.826 
245 168 236.883 4.426E+04 13.602 3.666 
246 168 242.748 7.659E+04 23.564 3.674 
247 168 280.866 1.956E+05 46.402 3.243 
248 168 320.743 1.455E+05 30.87 1.150 
249 174 62.127 3.611E+05 58.771 3.537 
250 174 97.313 3.079E+05 73.061 2.172 
251 174 104.350 8.746E+04 23.002 2.406 
252 174 119.597 1.802E+05 38.721 2.434 
253 174 199.938 5.276E+04 12.492 2.259 
254 174 210.494 3.002E+05 63.718 1.491 
255 174 239.816 2.414E+05 58.185 3.037 
256 174 267.964 8.332E+04 24.384 2.704 
257 174 272.069 1.074E+05 27.727 2.924 
258 174 299.045 1.177E+05 27.486 3.011 
259 180 131.326 2.236E+05 47.962 2.638 
260 180 172.962 8.303E+04 20.212 1.601 
261 180 218.118 1.226E+05 25.645 3.453 












263 180 277.934 4.651E+04 13.744 1.403 
264 186 91.449 2.496E+05 62.381 2.732 
265 186 145.987 1.724E+05 42.364 3.003 
266 186 161.234 1.490E+05 29.877 4.061 
267 186 250.371 1.156E+05 27.49 4.666 
268 186 318.397 2.123E+05 57.156 3.265 
269 186 321.916 6.338E+04 19.545 2.632 
270 186 343.027 2.513E+05 51.563 3.325 
271 186 356.515 4.241E+04 11.873 3.239 
272 192 36.910 5.919E+04 13.935 1.265 
273 192 88.516 1.114E+05 30.977 3.162 
274 192 128.394 8.627E+04 23.476 1.588 
275 192 143.054 8.534E+04 26.105 3.316 
276 192 181.172 2.511E+05 68.408 1.540 
277 192 187.037 8.386E+04 19.168 3.678 
278 192 286.730 9.240E+04 23.281 3.924 
279 192 292.008 3.178E+05 61.855 3.695 
280 192 329.540 1.280E+05 27.327 1.982 
281 198 103.177 2.575E+05 60.253 2.205 
282 198 135.431 8.205E+04 18.078 2.484 
283 198 175.895 4.713E+04 11.001 2.470 
284 198 194.074 4.334E+04 12.802 2.884 
285 198 197.593 1.852E+05 45.512 3.377 
286 198 270.310 2.358E+05 63.724 1.438 
287 198 277.934 2.295E+05 58.455 1.936 
288 204 78.547 2.355E+05 59.996 3.591 
289 204 100.245 7.955E+04 27.171 1.555 
290 204 111.974 9.464E+04 25.554 1.704 
291 204 181.759 1.783E+05 49.2 1.523 
292 204 283.212 1.883E+05 45.506 4.082 
293 204 337.163 2.372E+05 57.319 5.728 
294 210 36.910 2.039E+05 47.714 1.660 
295 210 110.214 5.868E+04 16.537 1.546 
296 210 127.807 7.451E+04 20.111 1.787 
297 210 269.724 2.431E+05 53.636 1.128 
298 210 303.737 5.042E+04 14.898 1.166 
299 210 311.360 1.690E+05 39.533 3.549 












301 216 10.521 2.018E+05 42.318 2.642 
302 216 85.584 1.626E+05 33.267 2.112 
303 216 90.276 1.130E+05 26.483 2.464 
304 216 99.072 2.517E+05 65.487 1.651 
305 216 116.665 8.196E+04 19.827 3.286 
306 216 121.357 8.513E+04 20.594 2.132 
307 216 171.203 2.382E+05 48.741 3.621 
308 216 237.470 4.935E+04 13.622 2.896 
309 216 240.402 2.782E+05 56.931 2.297 
310 216 328.953 2.409E+05 66.64 1.403 
311 216 345.960 5.665E+04 15.313 2.555 
312 222 2.897 4.297E+04 11.417 6.528 
313 222 43.948 9.555E+04 22.742 3.394 
314 222 56.263 2.480E+05 55.492 5.775 
315 222 75.615 6.658E+04 13.542 2.390 
316 222 148.919 8.029E+04 19.777 4.390 
317 222 304.323 1.767E+05 43.571 1.269 
318 222 327.194 1.253E+05 32.688 2.157 
319 228 47.466 1.564E+05 40.814 4.004 
320 228 141.295 9.797E+04 25.549 1.174 
321 228 175.895 7.258E+04 16.461 2.487 
322 228 192.901 2.701E+05 49.836 2.725 
323 228 329.540 8.418E+04 22.401 1.304 
324 228 343.614 1.288E+05 26.555 1.565 
325 234 15.799 7.089E+04 18.585 4.271 
326 234 26.941 9.491E+04 23.954 4.203 
327 234 61.541 1.115E+05 27.149 5.093 
328 234 133.672 2.661E+05 59.903 3.445 
329 234 200.525 2.061E+05 47.814 1.735 
330 234 229.260 8.871E+04 15.397 2.818 
331 234 250.958 2.358E+05 38.677 3.252 
332 234 293.181 1.205E+05 28.396 2.064 
333 240 9.348 1.874E+05 45.613 2.830 
334 240 19.904 8.349E+04 18.992 4.037 
335 240 84.411 1.218E+05 29.652 2.368 
336 240 120.184 2.461E+05 53.59 2.572 
337 240 124.875 7.928E+04 26.356 2.567 












339 240 266.791 2.664E+05 51.171 3.410 
340 240 288.489 7.127E+04 20.017 2.622 
341 240 313.120 1.367E+05 27.491 3.029 
342 240 362.380 1.245E+05 26.609 275.307 
343 246 183.518 6.070E+04 13.548 4.097 
344 246 199.352 6.611E+04 13.723 1.220 
345 246 309.014 2.303E+05 47.244 3.540 
346 246 343.027 2.529E+05 58.42 1.933 
347 252 66.818 5.938E+04 12.492 2.766 
348 252 92.621 1.906E+05 37.182 1.972 
349 252 123.116 1.014E+05 28.661 2.249 
350 252 142.468 1.820E+05 43.503 2.006 
351 252 208.735 1.139E+05 20.998 2.112 
352 252 292.008 1.341E+05 36.153 2.367 
353 258 262.100 1.129E+05 22.169 2.957 
354 258 287.317 8.468E+04 21.376 2.496 
355 258 295.527 1.119E+05 25.072 2.371 
356 264 117.838 1.322E+05 34.065 1.774 
357 264 190.555 1.823E+05 38.091 4.357 
358 264 243.921 1.311E+05 25.454 1.436 
359 264 298.459 5.032E+04 16.184 2.256 
360 270 35.738 5.166E+04 14.43 2.480 
361 270 72.683 2.092E+05 58.532 2.390 
362 270 83.238 2.439E+05 65.362 2.998 
363 270 86.171 4.802E+04 16.249 4.437 
364 270 96.726 2.477E+05 56.596 3.178 
365 270 144.227 7.520E+04 21.516 1.589 
366 270 280.866 7.936E+04 17.336 2.146 
367 270 304.909 1.647E+05 28.873 1.617 
368 270 317.225 9.625E+04 26.917 1.458 
369 270 320.157 1.942E+05 53.154 3.099 
370 270 338.922 2.097E+05 46.521 4.784 
371 276 25.182 2.002E+05 51.55 3.331 
372 276 33.392 2.108E+05 53.286 2.288 
373 276 49.812 2.575E+05 53.148 3.776 
374 276 69.164 2.735E+05 83.957 3.064 
375 276 110.801 1.897E+05 49.761 1.101 












377 276 154.197 8.283E+04 19.565 2.374 
378 276 180.586 3.908E+05 68.063 1.197 
379 276 208.148 1.258E+05 36.725 1.554 
380 276 217.531 1.631E+05 37.966 1.263 
381 276 255.063 4.666E+05 80.593 1.863 
382 276 283.798 1.745E+05 44.913 2.983 
383 276 323.675 6.512E+04 22.472 2.146 
384 276 358.275 8.478E+04 22.221 4.270 
385 282 21.663 5.926E+04 19.8 3.724 
386 282 58.608 2.331E+05 51.269 2.943 
387 282 75.615 5.550E+05 113.271 1.698 
388 282 100.831 2.631E+05 75.073 1.481 
389 282 104.350 8.644E+04 27.243 1.882 
390 282 116.665 1.138E+05 32.459 1.894 
391 282 198.765 2.903E+05 51.894 1.853 
392 282 206.975 1.960E+05 57.226 1.676 
393 282 222.223 5.799E+04 19.374 1.611 
394 282 228.673 4.412E+04 13.887 3.506 
395 282 238.643 1.717E+05 37.756 1.747 
396 282 243.334 2.293E+05 59.049 1.785 
397 282 272.069 5.574E+04 17.086 1.228 
398 282 297.872 2.415E+05 52.407 1.571 
399 282 300.804 8.707E+04 28.237 3.956 
400 282 313.706 5.412E+04 17.537 2.933 
401 282 316.052 5.727E+04 19.135 2.040 
402 282 333.645 1.037E+05 22.481 3.728 
403 282 345.960 5.076E+04 15.982 5.516 
404 288 66.818 4.025E+05 67.268 1.560 
405 288 71.510 2.347E+05 82.272 1.584 
406 288 89.689 1.449E+05 38.569 2.468 
407 288 102.004 1.742E+05 54.241 1.660 
408 288 110.214 8.005E+04 23.693 0.906 
409 288 119.011 2.877E+05 78.136 0.992 
410 288 138.949 2.126E+05 46.217 3.509 
411 288 144.227 1.735E+05 42.991 1.397 
412 288 163.580 6.999E+04 19.79 1.963 
413 288 214.013 5.040E+04 16.102 3.812 












415 288 293.181 9.789E+04 28.316 2.543 
416 288 325.435 1.940E+05 54.917 2.033 
417 294 18.731 9.187E+04 26.572 3.524 
418 294 53.917 1.273E+05 30.525 3.759 
419 294 105.523 7.985E+04 24.219 1.527 
420 294 181.759 4.311E+04 14.167 2.472 
421 294 218.118 1.004E+05 28.399 1.972 
422 294 222.809 2.969E+05 70.166 1.249 
423 294 231.606 1.159E+05 26.213 2.450 
424 294 236.883 8.865E+04 24.049 2.026 
425 294 245.093 8.915E+04 26.391 1.671 
426 294 272.069 9.625E+04 18.837 0.518 
427 294 279.107 2.004E+05 36.335 1.488 
428 294 304.323 8.859E+04 26.874 2.195 
429 294 307.255 5.700E+04 16.862 3.307 
430 294 328.953 4.629E+04 16.202 4.017 
431 300 5.830 1.498E+05 30.301 2.324 
432 300 36.910 1.798E+05 33.515 0.636 
433 300 70.923 1.964E+05 42.678 1.084 
434 300 94.967 6.149E+04 20.848 1.693 
435 300 119.011 2.512E+05 66.878 0.967 
436 300 161.234 3.222E+05 73.941 2.291 
437 300 166.512 1.732E+05 43.659 2.862 
438 300 185.864 1.800E+05 43.191 4.455 
439 300 209.908 1.995E+05 48.645 1.164 
440 300 249.785 1.833E+05 43.973 1.578 
441 300 261.514 2.364E+05 52.048 2.023 
442 300 314.879 2.121E+05 50.889 2.071 
443 300 320.743 1.126E+05 29.966 3.077 
444 300 354.756 1.917E+05 43.979 3.012 
445 306 77.374 4.922E+04 14.889 2.991 
446 306 80.893 6.433E+04 16.164 1.485 
447 306 122.529 3.873E+05 83.006 2.468 
448 306 148.332 3.435E+05 86.445 2.343 
449 306 153.024 7.173E+04 22.279 3.084 
450 306 196.420 1.129E+05 37.091 2.640 
451 306 263.859 5.329E+04 18.03 3.348 












453 312 36.910 4.361E+04 14.198 0.943 
454 312 90.276 1.852E+05 54.331 2.854 
455 312 93.794 2.424E+05 55.907 1.048 
456 312 133.085 2.239E+05 59.054 1.037 
457 312 198.179 3.247E+05 67.369 1.342 
458 312 209.908 7.158E+04 20.048 1.106 
459 312 251.544 2.265E+05 63.507 1.834 
460 312 310.774 1.659E+05 37.697 1.561 
461 318 58.608 2.675E+05 56.903 2.887 
462 318 107.869 1.469E+05 38.738 1.528 
463 318 126.048 1.929E+05 46.609 2.520 
464 318 145.400 9.220E+04 30.988 3.088 
465 318 155.956 2.745E+05 59.899 2.656 
466 318 164.166 6.551E+04 17.258 2.725 
467 318 216.945 3.897E+04 12.686 2.944 
468 318 221.050 1.007E+05 26.559 3.091 
469 318 235.124 2.167E+05 46.673 2.497 
470 318 272.656 1.087E+05 24.009 1.764 
471 318 281.452 1.471E+05 28.545 2.362 
472 318 303.150 1.099E+05 28.422 2.555 
473 324 21.077 3.533E+05 59.816 1.392 
474 324 46.880 1.153E+05 26.945 3.204 
475 324 75.028 9.190E+04 19.263 2.155 
476 324 80.893 4.482E+04 13.789 2.127 
477 324 102.591 2.989E+05 59.222 2.118 
478 324 113.146 1.852E+05 47.012 2.283 
479 324 133.085 2.656E+05 69.986 1.103 
480 324 205.216 9.580E+04 26.257 3.530 
481 324 231.019 1.457E+05 33.07 2.764 
482 324 240.988 5.403E+04 15.114 3.423 
483 324 250.371 1.644E+05 39.658 1.358 
484 324 352.410 9.154E+04 27.485 2.441 
485 330 7.002 1.808E+05 44.342 2.758 
486 330 88.516 9.639E+04 26.418 2.353 
487 330 148.919 3.090E+05 72.276 0.945 
488 330 201.111 5.038E+04 16.392 2.047 
489 330 289.662 1.734E+05 49.671 1.794 












491 330 316.052 9.789E+04 26.832 1.995 
492 330 323.675 1.365E+05 27.316 1.231 
493 330 328.953 3.973E+05 94.406 3.778 
494 330 354.170 3.095E+05 83.197 1.975 
495 336 2.897 5.754E+04 16.847 3.790 
496 336 39.843 1.112E+05 25.617 3.024 
497 336 53.331 1.373E+05 34.844 3.600 
498 336 86.171 9.589E+04 26.849 2.528 
499 336 107.282 9.911E+04 30.536 1.921 
500 336 130.153 2.623E+05 80.882 1.858 
501 336 136.604 1.194E+05 33.444 1.085 
502 336 169.444 6.261E+04 16.802 4.264 
503 336 209.908 7.474E+04 19.673 2.295 
504 336 287.317 4.072E+04 13.245 3.176 
505 336 325.435 2.201E+05 63.044 1.918 
506 342 29.287 1.609E+05 40.796 8.197 
507 342 68.578 2.111E+05 48.408 1.638 
508 342 111.387 1.088E+05 30.561 2.655 
509 342 114.906 1.566E+05 45.016 2.557 
510 342 119.011 3.229E+05 72.967 1.969 
511 342 148.332 1.604E+05 42.253 1.010 
512 342 199.938 1.809E+05 45.858 1.568 
513 342 215.186 1.052E+05 24.483 2.941 
514 342 260.341 1.928E+05 48.875 4.551 
515 342 293.181 1.774E+05 47.698 3.274 
516 342 314.292 9.746E+04 28.004 2.141 
517 348 21.077 2.716E+05 58.827 2.362 
518 348 56.849 2.597E+05 60.502 3.001 
519 348 80.893 9.863E+04 23.707 2.287 
520 348 128.980 4.233E+05 98.62 0.987 
521 348 136.017 1.065E+05 34.035 1.050 
522 348 144.814 6.023E+04 18.183 2.877 
523 348 156.542 3.611E+05 62.476 2.225 
524 348 180.000 7.967E+04 17.234 1.090 
525 348 202.870 2.567E+05 66.348 2.603 
526 348 276.761 9.267E+04 23.926 3.161 
527 348 290.249 7.542E+04 17.824 1.344 












529 348 355.929 1.978E+05 52.123 2.254 
530 354 5.830 1.678E+05 36.627 0.984 
531 354 44.534 2.072E+05 51.497 4.013 
532 354 73.269 1.051E+05 18.627 2.030 
533 354 90.276 2.967E+05 59.861 2.140 
534 354 126.634 1.175E+05 34.823 2.463 
535 354 273.829 1.664E+05 30.699 1.617 
536 360 63.300 1.614E+05 26.165 2.583 
537 360 68.578 2.467E+05 57.08 1.601 
538 360 102.591 3.314E+05 56.623 1.195 
539 360 120.184 9.881E+04 26.68 1.954 
540 360 130.153 2.273E+05 57.615 1.523 
541 360 134.844 1.957E+05 47.733 1.500 
542 360 151.851 1.017E+05 28.114 3.365 
543 360 178.240 3.699E+04 10.728 2.185 
544 360 208.148 3.045E+05 63.448 2.600 
545 360 236.883 2.234E+05 42.67 3.078 
546 360 242.161 1.952E+05 41.213 3.095 
547 360 302.564 1.137E+05 20.991 3.177 
548 360 310.774 1.271E+05 21.69 1.590 
549 360 344.787 8.220E+04 20.813 4.834 
550 360 349.478 2.255E+05 48.998 3.883 
551 360 354.170 5.868E+04 14.028 1.700 
552 360 360.034 5.630E+04 16.414 529.401 
553 366 5.243 2.150E+05 41.092 0.952 
554 366 97.899 1.994E+05 41.742 2.854 
555 366 141.882 2.649E+05 60.927 2.861 
556 366 162.407 2.798E+05 49.015 2.160 
557 366 173.549 6.804E+04 16.504 4.482 
558 372 148.919 1.957E+05 40.114 2.233 
559 372 165.339 4.536E+04 12.944 3.726 
560 378 57.436 1.263E+05 23.593 1.397 
561 378 100.831 7.936E+04 18.147 1.982 
562 378 118.424 3.508E+05 68.066 1.635 
563 378 127.221 1.101E+05 31.429 2.659 
564 378 213.426 4.157E+04 10.711 3.065 
565 384 59.195 3.631E+04 11.332 2.415 












567 384 169.444 1.619E+05 35.226 1.702 
568 390 12.867 8.255E+04 15.549 6.410 
569 390 139.536 5.313E+04 15.156 2.859 
570 390 153.610 1.391E+05 27.298 2.302 
571 396 119.597 1.841E+05 34.722 1.268 
572 396 142.468 6.817E+04 16.37 2.951 
573 396 167.685 2.680E+05 51.905 1.804 
574 396 185.278 2.078E+05 39.71 3.167 
575 396 216.358 4.973E+04 9.736 2.231 
576 402 188.210 4.359E+04 12.043 3.806 
577 402 290.249 1.494E+05 29.228 2.223 
578 408 96.726 4.414E+04 11.265 3.831 
579 408 179.413 2.482E+05 40.748 3.069 
580 408 236.883 2.282E+05 42.842 3.795 
581 408 287.903 9.140E+04 20.604 2.369 
582 408 309.014 1.932E+05 35.367 4.195 
583 414 126.048 9.191E+04 20.101 1.958 
584 414 128.394 1.286E+05 26.693 2.085 
585 414 220.463 5.076E+04 12.887 4.367 
586 414 253.304 8.605E+04 16.523 3.629 
587 414 260.927 5.780E+04 12.87 3.263 
588 414 331.299 2.315E+05 45.85 4.349 
589 420 33.978 7.728E+04 13.228 4.580 
590 420 45.120 4.946E+04 10.607 1.596 
591 420 136.604 1.503E+05 23.472 2.011 
592 420 292.008 1.888E+05 36.302 2.492 
593 420 317.811 2.085E+05 41.286 6.283 
594 420 335.404 9.376E+04 22.221 4.497 
595 420 352.410 1.683E+05 30.645 5.222 
596 426 106.696 1.074E+05 17.803 4.798 
597 426 174.722 1.078E+05 24.043 4.674 
598 432 182.345 7.141E+04 17.276 3.227 
599 438 44.534 2.046E+05 44.181 1.946 
600 438 84.411 8.281E+04 18.593 5.902 
601 438 99.659 4.822E+04 10.385 4.418 
602 438 116.665 2.117E+05 33.643 2.998 
603 438 125.462 8.029E+04 16.685 1.370 












605 438 269.724 4.101E+04 10.926 2.123 
606 444 49.812 4.205E+04 9.845 3.302 
607 444 232.192 1.597E+05 30.149 2.436 
608 450 53.331 2.227E+05 39.768 3.484 
609 450 185.278 2.832E+05 51.985 1.424 
610 450 195.833 7.259E+05 110.89 0.784 
611 450 199.938 3.513E+05 75.89 1.376 
612 450 204.630 3.431E+05 59.013 2.009 
613 450 212.840 2.066E+05 40.856 2.571 
614 450 216.945 1.862E+05 37.416 2.679 
615 450 221.050 6.829E+04 19.396 2.794 
616 450 222.809 1.667E+05 25.682 1.061 
617 450 229.260 7.829E+04 18.358 2.820 
618 450 238.056 1.137E+05 20.027 2.309 
619 450 242.748 6.373E+04 15.67 2.930 
620 450 246.853 7.028E+04 16.865 2.950 
621 450 250.371 8.283E+04 19.883 3.014 
622 450 261.514 7.453E+04 17.888 3.389 
623 450 265.032 1.204E+05 23.411 1.905 
624 450 271.483 1.037E+05 20.821 1.491 
625 450 276.761 8.779E+04 20.136 1.517 
626 450 278.520 8.859E+04 17.223 1.326 
627 456 122.529 7.752E+04 16.109 2.307 
628 456 126.048 1.630E+05 32.758 1.749 
629 456 144.227 1.007E+05 22.614 3.208 
630 456 147.746 9.464E+04 19.006 2.784 
631 456 154.197 9.604E+04 18.114 2.858 
632 462 133.672 1.054E+05 20.504 2.314 
633 462 137.777 1.300E+05 27.028 3.235 
634 462 161.234 2.486E+05 37.248 2.750 
635 462 165.925 1.683E+05 35.017 2.625 
636 462 177.654 1.002E+06 129.214 0.795 
637 462 181.759 1.102E+06 141.172 0.639 
638 462 198.179 8.877E+04 23.69 1.487 
639 480 172.962 6.761E+04 16.162 2.847 
640 480 179.413 1.960E+05 41.381 1.737 
641 480 189.969 1.521E+05 39.322 1.569 












643 480 214.599 2.988E+05 71.539 1.074 
644 480 224.568 2.323E+05 65.812 1.317 
645 480 242.161 1.816E+05 39.839 1.789 
646 480 248.612 2.649E+05 49.837 0.752 
647 480 266.205 1.615E+05 36.943 2.890 
648 480 270.896 2.876E+05 60.729 1.450 
649 480 282.625 1.754E+05 39.275 3.465 
650 480 290.835 3.190E+05 71.458 1.993 
651 480 293.181 2.417E+05 59.304 1.854 
652 480 309.601 4.024E+05 92.084 2.949 
653 480 316.052 2.461E+05 60.382 2.995 
654 480 318.984 1.790E+05 46.276 2.255 
655 480 326.607 9.986E+04 26.554 2.628 
656 480 331.885 3.055E+05 55.855 1.619 
657 480 349.478 5.535E+04 14.288 2.185 
658 480 361.793 2.922E+05 54.975 250.433 
659 486 18.145 5.474E+05 98.754 1.515 
660 486 24.009 1.392E+05 35.026 1.894 
661 486 32.805 2.632E+05 66.245 2.243 
662 486 42.775 9.011E+04 25.506 1.389 
663 486 51.571 1.256E+05 30.053 2.071 
664 486 62.127 2.525E+05 54.334 0.889 
665 486 66.818 1.532E+05 38.55 4.130 
666 486 83.825 2.986E+05 73.259 2.272 
667 486 87.344 1.458E+05 37.691 1.343 
668 486 219.291 5.954E+05 105.995 2.241 
669 486 228.673 3.802E+05 88.947 2.875 
670 486 232.778 6.922E+05 120.122 1.547 
671 486 262.686 1.859E+05 44.504 1.701 
672 486 274.415 2.271E+05 60.424 1.230 
673 486 278.520 3.672E+05 71.224 1.357 
674 486 300.804 2.679E+05 55.537 2.138 
675 486 313.706 3.998E+05 98.097 2.269 
676 486 323.675 2.416E+05 53.016 2.406 
677 486 340.682 5.755E+05 89.317 1.324 
678 486 355.929 1.761E+05 34.695 2.201 
679 492 7.589 3.328E+05 70.807 1.830 












681 492 34.565 3.259E+05 64.385 1.561 
682 492 49.225 9.439E+04 25.907 3.110 
683 492 56.263 3.877E+05 70.744 2.635 
684 492 70.923 3.469E+05 67.387 0.962 
685 492 80.893 3.581E+05 77.774 2.497 
686 492 96.726 1.239E+05 32.931 2.787 
687 492 108.455 3.208E+05 48.262 1.115 
688 492 128.394 1.106E+05 24.003 1.711 
689 492 132.499 6.620E+05 107.417 1.845 
690 492 185.864 2.406E+05 48.358 3.248 
691 492 196.420 4.317E+05 78.771 2.863 
692 492 201.111 5.922E+05 93.937 1.156 
693 492 204.630 2.701E+05 64.255 2.517 
694 492 214.013 3.955E+05 87.744 1.159 
695 492 225.155 3.047E+05 78.625 1.192 
696 492 239.816 6.469E+05 116.351 2.230 
697 492 247.439 1.304E+05 33.625 1.672 
698 492 255.063 2.399E+05 53.213 2.931 
699 492 295.527 3.578E+05 77.711 1.896 
700 492 306.669 4.339E+05 74.884 1.507 
701 492 328.953 1.095E+05 26.711 2.521 
702 492 347.719 4.532E+05 70.33 1.255 
703 498 9.348 2.888E+05 65.592 1.570 
704 498 30.460 1.696E+05 40.595 1.506 
705 498 42.188 2.842E+05 70.018 1.387 
706 498 44.534 3.589E+05 64.452 1.666 
707 498 62.713 4.385E+05 80.007 0.896 
708 498 88.516 3.850E+05 75.281 1.664 
709 498 101.418 3.936E+05 62.436 0.853 
710 498 116.079 5.296E+05 69.457 1.737 
711 498 121.943 3.989E+05 68.505 1.344 
712 498 153.610 9.443E+04 18.103 3.162 
713 498 170.030 9.612E+04 21.81 1.960 
714 498 175.895 7.463E+04 19.55 3.123 
715 498 181.172 2.098E+05 44.425 2.324 
716 498 190.555 1.648E+05 33.473 1.380 
717 498 251.544 1.501E+05 36.961 2.599 












719 498 269.724 8.145E+04 21.339 1.789 
720 498 274.415 3.923E+05 76.703 1.014 
721 498 303.150 3.885E+05 72.052 1.920 
722 498 317.811 3.588E+05 72.893 1.614 
723 498 334.231 7.311E+05 101.083 1.268 
724 504 4.070 3.081E+05 65.257 1.492 
725 504 25.182 1.250E+05 30.768 1.893 
726 504 39.843 1.716E+05 39.986 2.126 
727 504 70.923 2.881E+05 55.312 0.669 
728 504 75.615 5.750E+05 103.286 2.831 
729 504 92.035 2.713E+05 58.75 1.832 
730 504 138.949 3.955E+05 56.247 3.217 
731 504 146.573 6.537E+04 17.119 3.542 
732 504 149.505 1.438E+05 26.212 0.956 
733 504 158.302 1.171E+05 30.702 1.876 
734 504 163.580 4.809E+05 79.252 1.120 
735 504 168.271 7.296E+04 19.112 1.706 
736 504 202.284 1.794E+05 37.992 1.361 
737 504 207.562 4.164E+05 75.979 1.403 
738 504 226.328 3.825E+05 74.785 1.393 
739 504 231.019 3.641E+05 66.424 1.598 
740 504 242.161 2.039E+05 41.419 1.803 
741 504 262.686 2.554E+05 50.866 0.826 
742 504 277.934 2.001E+05 50.809 1.471 
743 504 285.557 2.228E+05 49.376 2.695 
744 504 288.489 2.830E+05 58.676 0.911 
745 504 293.767 1.691E+05 37.481 1.937 
746 504 312.533 2.485E+05 63.1 1.920 
747 504 342.441 1.280E+05 31.515 2.463 
748 504 352.997 3.833E+05 68.826 2.778 
749 510 17.558 1.703E+05 42.77 2.972 
750 510 51.571 3.578E+05 63.544 1.885 
751 510 84.411 1.776E+05 41.888 1.407 
752 510 102.004 1.737E+05 30.827 0.936 
753 510 123.116 4.455E+05 84.989 1.358 
754 510 126.634 4.171E+05 64.962 1.601 
755 510 162.407 2.946E+05 58.491 1.463 












757 510 214.599 4.227E+05 83.936 1.639 
758 510 233.365 3.149E+05 76.587 2.118 
759 510 297.872 1.252E+05 28.677 2.589 
760 510 310.774 3.111E+05 71.316 1.970 
761 510 322.502 4.302E+05 62.383 1.383 
762 510 357.688 6.444E+05 91.441 1.873 
763 516 5.243 4.377E+05 79.074 1.364 
764 516 11.107 1.616E+05 31.41 1.768 
765 516 15.212 1.290E+05 31.353 2.668 
766 516 20.490 5.157E+05 91.597 2.584 
767 516 30.460 3.068E+05 51.178 0.993 
768 516 62.127 1.560E+05 35.743 1.918 
769 516 78.547 4.666E+05 92.658 2.677 
770 516 94.967 3.811E+05 71.339 2.631 
771 516 97.899 1.215E+05 26.405 2.482 
772 516 108.455 4.243E+05 65.261 1.462 
773 516 113.146 1.002E+05 22.944 3.140 
774 516 132.499 4.010E+05 73.71 1.823 
775 516 149.505 1.957E+05 41.523 1.111 
776 516 157.129 5.374E+05 93.892 1.391 
777 516 167.098 1.355E+05 30.207 1.230 
778 516 170.617 1.218E+05 27.162 1.738 
779 516 219.877 2.925E+05 65.281 3.168 
780 516 248.026 9.312E+04 21.326 2.213 
781 516 257.409 4.734E+05 90.319 2.805 
782 516 262.100 1.260E+05 30.625 1.067 
783 516 269.724 3.752E+05 66.63 1.249 
784 516 279.107 3.859E+05 66.348 1.066 
785 516 288.489 7.171E+05 114.704 0.742 
786 516 306.082 3.961E+05 67.076 1.776 
787 522 58.022 2.997E+05 64.833 2.877 
788 522 69.164 2.714E+05 58.712 2.154 
789 522 83.238 3.089E+05 66.818 1.418 
790 522 91.449 9.717E+04 20.996 1.415 
791 522 182.345 2.575E+05 49.271 1.674 
792 522 199.352 2.905E+05 54.423 2.806 
793 522 208.735 2.362E+05 51.087 1.743 












795 522 252.717 3.140E+05 61.448 1.632 
796 522 295.527 1.096E+05 23.696 1.643 
797 522 313.706 3.454E+05 74.719 1.835 
798 522 325.435 1.855E+05 39.042 2.249 
799 522 333.058 1.169E+05 22.349 1.606 














1 6 60.368 4.360E+04 8.088 2.730 
2 6 190.555 1.958E+05 38.743 3.386 
3 6 332.472 6.591E+04 10.122 4.172 
4 6 6.416 2.323E+05 47.021 4.482 
5 6 104.350 2.248E+05 46.558 4.623 
6 6 77.961 2.722E+05 49.735 5.088 
7 12 288.489 7.133E+04 15.148 1.684 
8 12 23.423 1.242E+05 21.232 2.597 
9 12 12.867 2.604E+05 44.55 2.618 
10 12 250.958 1.786E+05 36.367 2.918 
11 12 194.660 1.515E+05 28.057 4.056 
12 12 270.310 1.402E+05 26.412 4.817 
13 12 218.118 9.553E+04 17.096 4.857 
14 18 297.286 9.428E+04 14.041 2.329 
15 18 63.886 6.326E+04 12.914 2.329 
16 18 129.567 1.654E+05 30.88 3.074 
17 18 259.168 9.110E+04 19.407 6.862 
18 24 69.164 3.295E+05 53.962 1.751 
19 24 290.249 2.485E+05 42.965 2.221 
20 24 224.568 4.293E+04 8.269 2.332 
21 24 110.214 4.134E+05 49.826 2.846 
22 24 90.862 2.246E+05 31.245 3.081 
23 24 236.297 1.174E+05 22.287 3.870 
24 24 26.941 2.463E+05 51.427 4.284 
25 24 284.384 5.641E+04 10.877 4.630 
26 24 157.715 6.998E+04 10.525 8.224 
27 30 99.072 9.363E+04 16.698 1.713 
28 30 293.767 1.457E+05 28.982 3.926 
29 30 202.284 5.578E+04 12.174 4.603 
30 36 191.142 7.867E+04 16.957 2.105 
31 36 252.717 6.212E+04 10.99 2.137 
32 36 52.744 1.222E+05 22.821 3.080 
33 36 15.799 1.280E+05 28.697 3.204 
34 36 303.150 5.269E+04 12.87 3.473 
35 36 280.279 2.097E+05 38.142 4.538 
36 36 266.205 1.745E+05 35.73 5.129 












38 42 68.578 1.514E+05 33.955 1.701 
39 42 114.906 1.333E+05 26.839 1.780 
40 42 64.473 8.241E+04 14.97 1.895 
41 42 11.694 9.683E+04 22.149 3.798 
42 42 174.722 1.017E+05 19.543 3.905 
43 42 46.293 6.636E+04 15.169 5.139 
44 48 130.739 2.446E+05 36.997 1.745 
45 48 192.901 4.819E+04 11.503 2.117 
46 48 83.825 1.150E+05 24.181 2.880 
47 48 245.093 1.314E+05 26.014 2.932 
48 48 102.004 6.934E+04 17.712 3.322 
49 48 170.030 4.729E+04 11.057 3.555 
50 48 248.026 4.286E+04 12.945 3.655 
51 48 36.324 1.732E+05 35.868 3.920 
52 48 8.175 2.361E+05 53.26 4.008 
53 54 39.843 4.559E+04 10.89 1.466 
54 54 94.967 1.545E+05 30.59 2.676 
55 54 185.864 2.293E+05 46.66 3.014 
56 54 351.238 2.142E+05 37.36 3.375 
57 54 143.641 1.367E+05 29.959 5.237 
58 60 113.733 8.337E+04 17.701 1.706 
59 60 319.570 2.734E+05 52.145 1.896 
60 60 79.720 1.634E+05 30.77 2.270 
61 60 181.759 1.111E+05 31.961 2.358 
62 60 301.391 2.524E+05 50.673 2.462 
63 60 238.056 2.043E+05 44.101 4.221 
64 66 165.925 8.093E+04 14.678 2.235 
65 66 190.555 1.941E+05 35.636 2.314 
66 66 148.919 1.468E+05 26.645 2.569 
67 66 16.385 2.140E+05 47.107 2.891 
68 66 32.219 2.018E+05 40.229 3.481 
69 66 321.916 4.311E+04 13.838 3.589 
70 66 125.462 2.578E+05 52.796 4.132 
71 66 21.663 2.575E+05 57.614 4.963 
72 72 97.899 1.232E+05 27.613 1.846 
73 72 341.268 1.062E+05 27.348 2.005 
74 72 183.518 1.943E+05 45.698 2.158 












76 72 41.015 1.508E+05 36.716 2.291 
77 72 52.744 7.209E+04 15.246 2.618 
78 72 329.540 2.024E+05 41.761 3.194 
79 72 202.870 1.289E+05 33.217 3.530 
80 78 250.371 2.021E+05 46.099 3.887 
81 78 333.058 2.504E+05 64.111 4.146 
82 84 339.509 2.441E+05 60.29 2.248 
83 84 199.938 2.010E+05 40.292 2.570 
84 84 132.499 2.369E+05 52.526 2.800 
85 84 226.328 1.871E+05 42.054 3.095 
86 84 168.857 4.998E+04 13.837 3.638 
87 84 172.962 2.023E+05 41.04 3.716 
88 84 104.936 5.376E+04 15.968 4.467 
89 84 75.028 2.147E+05 53.04 4.751 
90 90 216.358 3.936E+04 11.985 0.939 
91 90 9.348 4.784E+04 14.204 1.129 
92 90 43.948 1.057E+05 21.174 2.114 
93 90 347.133 7.540E+04 16.465 2.644 
94 90 191.728 5.138E+04 15.257 3.176 
95 90 195.247 3.966E+04 12.768 3.430 
96 90 232.778 2.828E+05 59.479 4.643 
97 96 97.899 1.579E+05 34.996 1.304 
98 96 129.567 9.988E+04 22.124 2.159 
99 96 163.580 1.151E+05 30.598 3.437 
100 96 13.453 2.001E+05 45.655 3.941 
101 96 278.520 1.931E+05 45.415 6.395 
102 102 9.348 1.091E+05 29.019 1.250 
103 102 216.358 1.404E+05 40.756 1.368 
104 102 256.236 3.903E+04 12.566 1.659 
105 102 120.184 9.122E+04 21.102 2.004 
106 102 304.323 1.657E+05 27.978 2.325 
107 102 238.056 2.363E+05 62.866 2.422 
108 102 350.651 2.140E+05 41.088 2.922 
109 102 221.636 1.770E+05 46.17 4.476 
110 102 151.265 8.876E+04 25.747 4.608 
111 102 211.667 2.637E+05 65.139 4.725 
112 102 58.608 2.056E+05 46.912 6.383 












114 108 166.512 1.693E+05 39.194 2.113 
115 108 84.411 7.287E+04 22.218 2.441 
116 108 201.698 2.711E+05 72.149 3.022 
117 108 5.243 1.342E+05 32.574 3.715 
118 108 261.514 6.341E+04 16.847 4.499 
119 108 69.164 1.987E+05 42.31 4.916 
120 114 257.409 1.009E+05 30.871 1.327 
121 114 195.833 3.043E+05 67.549 1.924 
122 114 87.344 2.850E+05 73.722 2.970 
123 114 226.914 2.372E+05 63.659 3.223 
124 114 287.317 2.361E+05 62.172 8.201 
125 120 239.229 1.863E+05 44.156 1.965 
126 120 45.120 3.192E+05 68.284 2.341 
127 120 191.142 1.197E+05 34.986 3.460 
128 120 307.842 2.195E+05 56.2 4.431 
129 126 181.759 1.762E+05 42.374 1.327 
130 126 256.822 1.761E+05 49.388 1.338 
131 126 107.282 6.655E+04 17.942 3.745 
132 126 171.790 9.910E+04 24.177 3.982 
133 126 77.961 1.854E+05 50.051 4.022 
134 126 336.577 1.022E+05 24.22 4.547 
135 132 73.856 1.719E+05 48.397 1.261 
136 132 166.512 7.489E+04 17.195 1.681 
137 132 185.864 5.419E+04 14.422 1.869 
138 132 119.011 7.744E+04 20.99 2.620 
139 132 219.291 2.005E+05 47.981 3.031 
140 132 341.855 2.580E+05 61.747 4.544 
141 138 181.172 7.953E+04 22.817 1.114 
142 138 196.420 3.654E+05 91.34 1.904 
143 138 42.775 2.420E+05 49.143 2.216 
144 138 7.589 2.666E+05 58.384 2.806 
145 138 236.883 7.757E+04 21.414 3.032 
146 138 123.116 7.221E+04 19.569 3.261 
147 138 214.013 3.294E+05 73.872 3.387 
148 138 12.280 9.514E+04 26.271 4.430 
149 144 73.269 4.167E+04 12.447 0.876 
150 144 345.960 2.434E+05 43.009 3.175 












152 144 140.709 7.967E+04 16.842 4.060 
153 150 242.748 3.230E+05 64.312 1.632 
154 150 177.067 2.119E+05 51.413 3.968 
155 150 248.612 1.091E+05 28.579 4.191 
156 150 357.688 4.281E+04 12.266 356.160 
157 156 147.746 1.633E+05 41.447 1.082 
158 156 131.912 1.667E+05 36.925 2.238 
159 156 28.700 5.399E+04 14.37 2.314 
160 156 186.450 3.725E+04 11.124 2.505 
161 156 257.995 1.163E+05 29.975 2.971 
162 156 265.032 1.200E+05 30.933 4.401 
163 156 3.484 1.042E+05 31.886 4.867 
164 162 218.118 1.203E+05 30.505 2.652 
165 162 200.525 2.730E+05 58.442 3.110 
166 168 146.573 1.477E+05 40.304 1.530 
167 168 73.856 4.751E+04 12.941 2.023 
168 168 241.575 2.434E+05 66.448 2.185 
169 168 8.175 6.591E+04 16.804 2.320 
170 168 235.124 5.620E+04 16.901 3.153 
171 168 95.554 2.511E+05 63.13 3.376 
172 168 328.953 6.376E+04 15.768 6.252 
173 168 362.966 6.913E+04 16.851 213.097 
174 174 305.496 2.448E+05 72.178 1.906 
175 174 301.391 2.671E+05 65.203 1.968 
176 174 273.242 4.654E+05 127.084 2.617 
177 174 158.302 2.423E+05 60.019 2.694 
178 180 12.867 5.085E+04 13.874 1.666 
179 180 251.544 2.156E+05 49.555 1.688 
180 180 213.426 5.182E+04 13.673 2.597 
181 180 191.728 2.275E+05 50.494 3.334 
182 180 42.775 2.640E+05 64.786 3.863 
183 180 164.166 2.265E+05 58.942 3.886 
184 180 90.862 7.711E+04 22.682 3.915 
185 180 339.509 1.874E+05 46.615 4.055 
186 186 72.096 3.169E+05 64.73 1.378 
187 186 28.700 6.018E+04 14.666 2.081 
188 186 10.521 9.340E+04 22.782 2.084 












190 186 321.916 1.266E+05 29.256 2.683 
191 186 243.921 1.002E+05 26.852 2.693 
192 186 203.457 5.270E+04 13.224 3.157 
193 186 25.768 3.889E+04 13.213 3.403 
194 186 284.971 4.856E+04 12.371 3.700 
195 192 249.785 1.544E+05 36.168 1.526 
196 192 305.496 7.727E+04 25.584 1.720 
197 192 299.632 5.285E+04 14.944 2.002 
198 192 275.001 7.493E+04 18.817 2.192 
199 192 160.061 2.546E+05 66.04 2.522 
200 192 219.877 2.565E+05 67.653 3.314 
201 192 74.442 8.875E+04 30.195 3.589 
202 198 234.538 3.943E+05 99.162 1.813 
203 198 117.838 3.949E+05 67.688 3.016 
204 198 318.984 2.434E+05 65.273 3.381 
205 198 260.341 4.622E+05 111.287 3.607 
206 198 168.271 2.297E+05 56.891 4.606 
207 204 306.669 2.108E+05 62.065 1.795 
208 204 266.205 1.919E+05 46.429 2.222 
209 204 97.899 9.187E+04 25.539 2.689 
210 204 113.146 7.114E+04 21.355 3.430 
211 204 198.765 1.626E+05 38.313 4.148 
212 204 55.090 7.714E+04 18.645 5.514 
213 210 215.186 2.626E+05 61.9 2.392 
214 210 148.919 1.785E+05 45.737 2.605 
215 210 297.286 2.702E+05 69.257 3.253 
216 210 222.809 2.381E+05 68.757 3.553 
217 216 303.150 3.139E+05 74.976 1.700 
218 216 234.538 1.514E+05 42.879 1.729 
219 216 10.521 9.119E+04 23.001 2.582 
220 216 349.478 6.628E+04 14.853 2.858 
221 216 212.840 6.664E+04 20.892 3.136 
222 216 153.024 1.025E+05 25.481 3.860 
223 222 146.573 6.631E+04 17.798 1.754 
224 222 84.411 2.523E+05 53.064 2.109 
225 222 219.877 5.501E+04 14.519 2.242 
226 222 32.805 2.129E+05 60.311 2.371 












228 222 338.336 1.907E+05 53.054 3.068 
229 222 163.580 1.119E+05 28.666 3.138 
230 222 314.292 1.255E+05 26.657 3.661 
231 222 255.063 1.695E+05 48.011 6.100 
232 228 110.801 2.639E+05 63.025 1.552 
233 228 246.266 4.102E+05 79.3 1.999 
234 228 91.449 1.744E+05 42.186 2.065 
235 228 99.659 2.761E+05 71.865 2.482 
236 228 75.615 1.156E+05 27.595 2.640 
237 228 266.791 1.425E+05 40.357 2.726 
238 228 283.798 3.135E+05 68.061 3.723 
239 228 272.069 1.391E+05 41.798 4.988 
240 234 137.777 3.225E+05 83.67 1.669 
241 234 304.323 8.529E+04 23.222 2.112 
242 234 143.641 1.005E+05 26.461 2.156 
243 234 7.002 1.577E+05 42.252 2.556 
244 234 228.673 1.919E+05 52.282 2.650 
245 234 18.145 7.492E+04 20.757 3.637 
246 234 278.520 2.677E+05 52.033 4.660 
247 240 323.089 2.351E+05 64.069 1.312 
248 240 33.978 2.005E+05 49.726 2.078 
249 240 94.381 2.176E+05 56.46 2.416 
250 240 136.017 1.308E+05 42.926 2.714 
251 240 86.757 1.382E+05 37.024 2.724 
252 240 249.785 1.602E+05 44.413 3.639 
253 240 359.448 2.181E+05 62.78 3.889 
254 240 327.780 9.303E+04 27.849 4.703 
255 246 110.214 9.412E+04 24.397 1.020 
256 246 243.334 1.988E+05 53.254 1.802 
257 246 14.626 2.464E+05 54.512 2.349 
258 246 185.864 4.115E+04 12.847 2.715 
259 246 290.249 2.098E+05 52.044 3.646 
260 252 323.089 9.378E+04 30.758 1.080 
261 252 137.777 5.270E+04 16.853 1.195 
262 252 338.922 2.481E+05 67.629 1.759 
263 252 145.400 2.387E+05 49.054 1.811 
264 252 214.599 9.023E+04 18.339 2.177 












266 252 226.914 4.281E+04 12.539 2.584 
267 252 345.960 1.182E+05 33.376 3.026 
268 252 11.694 1.756E+05 47.84 3.285 
269 252 171.790 2.210E+05 57.321 3.637 
270 252 178.827 3.697E+05 82.751 4.032 
271 252 43.361 6.373E+04 16.257 4.401 
272 258 6.416 6.581E+04 16.415 1.701 
273 258 301.977 1.643E+05 43.523 1.966 
274 258 295.527 2.256E+05 51.575 2.573 
275 258 221.636 2.830E+05 51.82 2.611 
276 258 235.124 6.440E+04 18.553 2.627 
277 258 155.370 3.948E+05 109.929 4.027 
278 258 26.355 2.410E+05 58.604 4.672 
279 258 200.525 2.891E+05 63.221 4.695 
280 264 340.095 2.211E+05 72.549 1.846 
281 264 242.748 9.349E+04 23.171 1.847 
282 264 147.746 6.358E+04 18.275 2.311 
283 264 267.964 1.161E+05 26.912 2.797 
284 264 184.105 1.550E+05 48.492 2.821 
285 264 332.472 2.101E+05 57.259 3.000 
286 264 35.151 8.389E+04 26.23 3.355 
287 264 351.238 6.924E+04 20.299 3.452 
288 270 174.722 1.446E+05 42.422 1.737 
289 270 343.614 2.202E+05 49.862 2.313 
290 270 357.688 2.087E+05 42.473 2.515 
291 270 58.608 1.407E+05 31.848 2.696 
292 270 118.424 2.675E+05 67.33 2.874 
293 270 158.888 1.099E+05 27.653 2.947 
294 270 38.670 3.289E+05 76.332 3.539 
295 270 287.317 5.457E+04 15.681 3.609 
296 270 52.744 2.020E+05 50.844 4.687 
297 270 207.562 6.209E+04 17.846 5.019 
298 276 293.181 6.549E+04 19.638 1.171 
299 276 302.564 1.168E+05 28.017 1.634 
300 276 151.265 1.242E+05 36.476 1.826 
301 276 168.857 2.594E+05 53.346 2.516 
302 276 320.743 9.934E+04 25.668 2.777 












304 276 238.643 5.055E+04 13.981 3.371 
305 276 21.663 1.179E+05 29.533 3.945 
306 276 218.118 4.269E+04 13.077 3.947 
307 276 260.927 1.254E+05 30.497 4.520 
308 282 173.549 9.172E+04 22.549 1.411 
309 282 115.492 9.351E+04 21.711 1.736 
310 282 9.935 5.013E+05 87.92 1.808 
311 282 188.210 1.782E+05 50.388 2.122 
312 282 233.365 6.376E+04 16.433 2.131 
313 282 330.126 2.027E+05 52.313 2.489 
314 288 293.181 4.108E+04 12.638 1.062 
315 288 192.901 4.454E+04 12.778 2.121 
316 288 336.577 7.785E+04 22.359 2.320 
317 288 246.853 8.866E+04 24.932 2.635 
318 288 137.777 2.759E+05 62.532 2.797 
319 294 151.265 1.674E+05 39.435 1.234 
320 294 361.207 3.006E+05 54.721 1.859 
321 294 61.541 9.520E+04 27.262 2.221 
322 294 112.560 1.222E+05 30.155 2.497 
323 294 256.236 5.290E+04 17.112 2.901 
324 294 339.509 4.851E+04 15.687 3.071 
325 300 308.428 1.062E+05 29.161 1.096 
326 300 194.660 1.652E+05 30.321 1.311 
327 300 188.796 2.775E+05 68.503 1.529 
328 300 253.890 4.877E+04 13.379 1.696 
329 300 182.345 8.625E+04 20.013 1.766 
330 300 334.817 1.360E+05 42.86 1.982 
331 300 229.846 2.453E+05 68.818 2.106 
332 300 107.869 9.656E+04 28.275 2.401 
333 300 328.367 1.999E+05 53.876 2.643 
334 300 351.238 2.079E+05 44.085 2.700 
335 300 324.848 2.178E+05 55.593 3.226 
336 306 70.923 9.838E+04 26.583 1.063 
337 306 273.242 9.763E+04 20.957 1.415 
338 306 152.437 1.242E+05 36.768 1.597 
339 306 89.103 1.071E+05 25.056 1.732 
340 306 233.951 8.616E+04 21.944 2.191 












342 306 25.768 1.748E+05 40.297 2.311 
343 306 10.521 9.217E+04 22.652 2.316 
344 306 333.058 1.079E+05 32.789 2.354 
345 306 125.462 1.009E+05 31.499 2.545 
346 306 79.720 5.720E+04 15.441 2.568 
347 306 346.546 3.047E+05 64.631 2.875 
348 306 226.328 1.470E+05 40.58 2.981 
349 306 93.208 1.262E+05 33.419 2.993 
350 306 57.436 8.199E+04 24.266 3.266 
351 306 170.030 2.850E+05 63.829 3.296 
352 306 298.459 1.043E+05 25.212 3.335 
353 306 66.232 1.529E+05 37.599 3.365 
354 312 147.746 1.154E+05 36.012 0.973 
355 312 36.324 2.899E+05 49.566 1.172 
356 312 307.842 2.592E+05 68.68 1.251 
357 312 342.441 2.034E+05 60.235 1.860 
358 312 60.368 1.227E+05 27.45 1.873 
359 312 128.980 3.659E+05 69.977 1.967 
360 312 187.037 2.018E+05 54.571 2.068 
361 312 177.067 3.921E+05 74.219 2.117 
362 312 245.680 8.633E+04 20.518 2.155 
363 312 268.551 1.629E+05 43.159 2.943 
364 312 45.120 6.146E+04 17.334 4.177 
365 312 3.484 2.934E+05 64.786 5.887 
366 318 164.166 2.253E+05 52.53 0.932 
367 318 136.017 3.390E+05 82.92 1.084 
368 318 228.673 3.949E+05 80.674 1.344 
369 318 70.337 1.986E+05 54.302 1.369 
370 318 223.396 1.072E+05 32.106 1.373 
371 318 106.109 2.663E+05 49.937 1.463 
372 318 153.610 1.393E+05 39.777 1.527 
373 318 290.249 7.730E+04 20.284 1.767 
374 318 123.116 2.018E+05 51.077 2.013 
375 318 317.225 1.838E+05 40.474 2.126 
376 318 144.227 1.015E+05 26.647 2.229 
377 318 53.331 9.489E+04 23.999 2.254 
378 318 115.492 1.026E+05 29.981 2.765 












380 318 257.995 7.634E+04 24.782 3.009 
381 318 294.940 1.419E+05 38.784 3.082 
382 318 311.360 7.025E+04 17.759 3.364 
383 318 301.977 1.150E+05 31.418 3.387 
384 324 148.332 2.500E+05 66.443 1.022 
385 324 21.663 1.115E+05 26.488 1.248 
386 324 360.034 3.517E+05 66.7 1.262 
387 324 200.525 2.459E+05 64.01 1.271 
388 324 332.472 3.670E+05 85.811 1.374 
389 324 158.302 2.455E+05 56.484 1.438 
390 324 16.385 1.003E+05 23.07 1.497 
391 324 181.759 1.130E+05 33.724 1.913 
392 324 250.958 2.205E+05 53.3 2.043 
393 324 204.630 1.467E+05 33.232 2.262 
394 324 272.069 1.054E+05 34.28 2.426 
395 324 219.291 2.521E+05 54.688 2.732 
396 324 211.080 6.740E+04 21.911 2.832 
397 324 239.816 1.089E+05 28.921 3.480 
398 330 277.347 3.731E+05 71.513 0.736 
399 330 243.921 8.081E+04 22.118 1.152 
400 330 88.516 2.215E+05 49.191 1.377 
401 330 306.082 7.303E+04 23.969 1.381 
402 330 222.809 1.425E+05 44.131 1.461 
403 330 163.580 1.837E+05 56.9 1.469 
404 330 124.875 9.054E+04 27.274 1.492 
405 330 140.122 4.960E+05 125.459 1.569 
406 330 77.961 1.474E+05 34.216 1.597 
407 330 341.855 1.345E+05 37.657 1.658 
408 330 193.488 3.056E+05 53.187 1.704 
409 330 9.348 3.784E+05 69.635 1.794 
410 330 117.838 3.261E+05 63.866 1.964 
411 330 25.768 1.386E+05 35.691 2.245 
412 330 37.497 1.599E+05 48.179 2.323 
413 330 324.848 2.453E+05 51.596 2.363 
414 330 283.798 1.033E+05 24.356 2.612 
415 330 208.735 1.049E+05 30.049 2.815 
416 330 109.041 1.965E+05 51.62 2.954 












418 330 328.367 1.693E+05 53.961 3.948 
419 336 56.263 2.417E+05 57.012 1.011 
420 336 199.938 7.755E+04 24.605 1.391 
421 336 183.518 3.535E+05 71.9 1.403 
422 336 171.203 3.293E+05 66.986 1.751 
423 336 155.370 7.394E+04 24.229 1.804 
424 336 14.626 2.004E+05 45.707 1.865 
425 336 288.489 2.051E+05 46.777 2.186 
426 336 146.573 2.549E+05 72.41 2.216 
427 336 252.717 1.081E+05 33.286 2.409 
428 336 136.017 1.764E+05 57.842 2.428 
429 336 216.358 3.978E+05 75.339 2.454 
430 336 344.787 1.709E+05 37.774 2.540 
431 336 93.208 1.110E+05 25.291 2.550 
432 336 130.153 2.921E+05 82.969 2.597 
433 336 39.843 2.432E+05 69.079 2.609 
434 336 350.651 5.083E+04 16.116 2.749 
435 336 175.308 2.767E+05 68.933 2.807 
436 336 83.825 4.558E+05 95.198 3.178 
437 336 263.859 2.034E+05 49.703 3.505 
438 342 305.496 2.197E+05 43.754 0.690 
439 342 157.715 1.609E+05 34.25 0.743 
440 342 277.347 2.672E+05 59.513 1.011 
441 342 164.752 3.224E+05 69.663 1.084 
442 342 149.505 1.588E+05 40.013 1.385 
443 342 242.748 6.122E+04 19.894 1.685 
444 342 67.991 2.202E+05 56.616 1.709 
445 342 28.700 8.884E+04 18.632 1.824 
446 342 269.724 2.560E+05 58.882 1.824 
447 342 21.077 1.220E+05 32.761 1.971 
448 342 202.284 5.812E+04 16.35 2.390 
449 342 247.439 3.381E+05 65.736 2.471 
450 342 133.672 2.474E+05 73.479 2.646 
451 342 225.741 1.812E+05 47.599 2.732 
452 342 236.883 1.835E+05 37.483 2.739 
453 342 127.807 2.086E+05 57.357 3.059 
454 342 42.775 1.353E+05 32.786 3.222 












456 342 357.102 2.024E+05 57.031 413.886 
457 348 56.849 2.701E+05 69.191 0.782 
458 348 140.709 5.196E+05 92.362 0.982 
459 348 48.639 3.141E+05 53.864 1.190 
460 348 66.232 1.475E+05 48.159 1.426 
461 348 156.542 8.670E+04 28.292 1.526 
462 348 296.699 3.358E+05 70.226 1.650 
463 348 77.374 1.388E+05 34.878 1.699 
464 348 212.253 1.313E+05 31.826 1.786 
465 348 111.974 1.747E+05 40.979 1.787 
466 348 348.305 2.636E+05 58.202 1.938 
467 348 137.777 1.319E+05 39.518 2.095 
468 348 360.034 2.071E+05 54.037 2.115 
469 348 330.712 3.640E+05 72.5 2.515 
470 348 80.306 2.136E+05 54.708 2.847 
471 354 243.921 7.887E+04 21.001 0.990 
472 354 281.452 1.599E+05 31.529 1.429 
473 354 222.809 4.882E+05 86.574 1.440 
474 354 104.350 1.414E+05 37.677 1.610 
475 354 97.313 1.864E+05 38.138 1.884 
476 354 118.424 2.793E+05 57.924 1.985 
477 354 255.649 1.807E+05 39.037 2.079 
478 354 151.265 2.849E+05 74.355 2.141 
479 354 341.268 2.086E+05 46.412 2.191 
480 354 292.008 3.017E+05 61.769 2.192 
481 354 9.935 8.408E+04 22.895 2.314 
482 354 229.846 7.870E+04 20.514 2.368 
483 354 354.170 3.751E+05 71.502 2.486 
484 360 66.232 2.201E+05 44.477 0.677 
485 360 298.459 6.852E+04 21.224 1.426 
486 360 130.739 4.074E+05 72.938 1.645 
487 360 335.990 5.152E+04 15.948 1.779 
488 360 304.909 1.111E+05 27.313 1.833 
489 360 72.683 9.553E+04 20.62 2.264 
490 360 171.790 2.387E+05 61.046 2.354 
491 360 194.660 4.480E+05 83.557 2.445 
492 360 270.896 5.173E+04 16.015 2.586 












494 360 35.151 1.955E+05 41.075 3.048 
495 360 307.842 1.902E+05 50.687 3.235 
496 366 105.523 1.234E+05 30.346 1.126 
497 366 361.207 3.375E+05 56.188 1.240 
498 366 58.022 3.392E+05 63.931 1.469 
499 366 16.385 1.577E+05 39.529 1.697 
500 366 153.024 2.041E+05 51.157 1.738 
501 366 49.812 1.108E+05 27.25 1.762 
502 366 209.908 2.067E+05 41.765 1.948 
503 366 250.371 2.651E+05 53.59 2.078 
504 366 87.930 6.261E+05 113.228 2.082 
505 366 267.964 1.026E+05 22.814 2.133 
506 366 92.035 2.734E+05 66.069 2.163 
507 366 163.580 1.496E+05 39.865 2.599 
508 366 7.589 1.420E+05 36.304 2.762 
509 366 178.827 1.105E+05 25.781 2.840 
510 366 167.098 1.130E+05 34.032 2.973 
511 372 334.817 2.239E+05 52.235 1.155 
512 372 297.286 1.334E+05 25.691 1.161 
513 372 215.186 9.510E+04 24.46 1.273 
514 372 25.182 1.046E+05 31.291 1.368 
515 372 111.387 5.296E+05 84.419 1.486 
516 372 283.212 1.757E+05 31.294 1.522 
517 372 262.686 4.037E+04 12.06 1.643 
518 372 345.373 1.793E+05 43.397 1.822 
519 372 220.463 7.234E+04 19.464 2.082 
520 372 241.575 1.140E+05 26.576 2.347 
521 372 102.004 2.976E+05 76.611 3.075 
522 372 317.811 1.909E+05 44.533 3.144 
523 372 21.663 1.121E+05 31.742 3.416 
524 372 40.429 2.762E+05 55.321 3.514 
525 378 160.647 2.946E+05 57.825 0.898 
526 378 45.707 1.780E+05 38.795 0.954 
527 378 237.470 2.422E+05 46.908 0.964 
528 378 124.875 1.557E+05 40.559 1.190 
529 378 228.673 1.158E+05 24.805 1.429 
530 378 291.422 3.696E+05 61.184 1.436 












532 378 343.614 6.010E+04 18.503 2.343 
533 378 97.313 1.042E+05 27.802 2.833 
534 378 275.588 2.316E+05 53.209 3.213 
535 378 253.304 4.694E+04 13.183 3.381 
536 384 25.182 2.543E+05 59.545 1.175 
537 384 214.013 1.131E+05 27.534 1.508 
538 384 303.737 2.496E+05 48.983 1.667 
539 384 93.794 2.767E+05 63.57 1.793 
540 384 193.488 2.288E+05 53.564 1.873 
541 384 261.514 6.852E+04 18.743 1.897 
542 384 15.799 1.908E+05 43.834 1.946 
543 384 247.439 6.241E+04 18.046 2.006 
544 384 222.223 4.645E+04 13.044 2.055 
545 384 11.107 1.769E+05 39.901 2.194 
546 384 226.328 8.448E+04 21.008 2.544 
547 384 140.122 2.489E+05 61.964 3.090 
548 384 133.085 5.001E+04 15.39 3.358 
549 390 45.707 3.105E+05 55.678 0.827 
550 390 124.289 4.044E+05 86.236 1.073 
551 390 79.133 1.728E+05 37.485 1.151 
552 390 65.059 1.714E+05 35.922 1.164 
553 390 160.061 1.947E+05 46.605 1.235 
554 390 236.883 2.364E+05 59.222 1.422 
555 390 340.095 6.641E+04 17.469 1.648 
556 390 82.066 7.076E+04 18.616 1.967 
557 390 109.628 1.267E+05 27.478 2.023 
558 390 88.516 6.424E+04 18.415 2.067 
559 390 269.137 1.446E+05 39.127 2.257 
560 390 311.947 1.518E+05 32.928 2.427 
561 390 137.190 1.975E+05 46.283 2.564 
562 390 148.919 2.845E+05 49.25 2.873 
563 396 355.929 4.699E+05 79.443 0.982 
564 396 249.199 2.974E+05 50.858 1.097 
565 396 17.558 9.688E+04 22.367 1.170 
566 396 60.368 1.471E+05 29.26 1.442 
567 396 167.685 1.474E+05 38.489 1.532 
568 396 195.833 2.248E+05 58.736 1.919 












570 396 290.249 1.591E+05 33.305 1.995 
571 396 305.496 2.342E+05 49.043 2.037 
572 396 327.780 3.394E+05 46.646 2.118 
573 396 270.896 8.701E+04 22.71 2.162 
574 396 285.557 1.029E+05 18.983 2.164 
575 396 334.231 1.315E+05 29.134 2.170 
576 396 191.142 3.470E+05 59.344 2.362 
577 396 278.520 1.863E+05 35.396 2.463 
578 396 4.070 2.079E+05 46.072 2.493 
579 396 172.376 3.613E+05 64.957 2.513 
580 396 143.054 8.406E+04 20.812 2.753 
581 402 216.945 9.148E+04 23.851 1.032 
582 402 12.280 1.393E+05 39.801 1.279 
583 402 90.276 1.249E+05 31.706 1.426 
584 402 260.927 8.507E+04 21.038 1.606 
585 402 232.778 2.514E+05 45.757 1.669 
586 402 257.995 1.878E+05 34.176 1.689 
587 402 66.232 2.063E+05 47.616 1.809 
588 402 94.967 3.170E+05 52.9 1.829 
589 402 239.816 2.019E+05 35.779 1.887 
590 402 184.105 1.644E+05 27.418 1.941 
591 402 176.481 9.989E+04 24.709 2.216 
592 402 319.570 6.770E+04 15.605 2.276 
593 402 74.442 4.496E+04 12.825 2.309 
594 402 348.305 1.837E+05 34.361 3.069 
595 408 111.387 3.587E+05 54.67 1.073 
596 408 82.066 3.207E+05 56.063 1.147 
597 408 129.567 7.048E+05 103.401 1.254 
598 408 72.683 1.811E+05 29.752 1.350 
599 408 266.791 2.778E+05 49.896 1.409 
600 408 354.756 2.582E+05 55.664 1.513 
601 408 166.512 2.844E+05 63.918 1.735 
602 408 298.459 1.525E+05 32.219 1.823 
603 408 194.660 3.189E+05 67.404 1.829 
604 408 16.385 1.701E+05 42.04 1.856 
605 408 296.113 4.382E+05 82.231 1.978 
606 408 208.735 6.102E+04 13.687 2.074 












608 408 44.534 9.366E+04 23.771 2.319 
609 408 155.956 2.010E+05 40.937 3.020 
610 408 202.870 8.678E+04 20.891 3.071 
611 408 162.993 2.123E+05 51.157 3.530 
612 414 90.862 1.048E+05 20.686 1.124 
613 414 216.945 2.415E+05 49.538 1.132 
614 414 181.172 2.869E+05 57.754 1.268 
615 414 138.363 1.764E+05 36.886 1.359 
616 414 121.357 1.973E+05 38.992 1.371 
617 414 12.867 2.069E+05 54.1 1.561 
618 414 249.199 1.696E+05 32.372 1.617 
619 414 275.001 3.539E+05 52.348 1.733 
620 414 291.422 9.335E+04 22.38 1.794 
621 414 79.133 2.397E+05 40.661 1.797 
622 414 331.885 2.581E+05 39.376 1.843 
623 414 41.602 4.336E+05 64.154 1.862 
624 414 56.849 1.680E+05 34.444 1.884 
625 414 316.052 2.179E+05 37.458 1.977 
626 414 9.935 2.519E+05 52.691 2.028 
627 414 35.151 9.718E+04 17.159 2.074 
628 414 2.311 2.679E+05 43.756 2.249 
629 414 200.525 1.814E+05 39.554 2.611 
630 414 303.150 6.173E+04 14.788 2.841 
631 414 226.914 1.050E+05 20.735 2.850 
632 414 344.200 1.605E+05 31.706 3.039 
633 414 253.304 5.554E+04 14.499 4.055 
634 420 231.606 2.828E+05 43.001 1.389 
635 420 175.308 4.194E+05 66.026 1.409 
636 420 123.116 3.482E+05 63.804 1.577 
637 420 109.628 2.520E+05 50.419 1.881 
638 420 321.916 9.864E+04 18.348 1.892 
639 420 105.523 1.174E+05 26.756 1.958 
640 420 113.733 9.804E+04 18.549 1.981 
641 420 61.541 7.348E+04 15.275 1.983 
642 420 19.317 1.023E+05 18.422 2.201 
643 420 133.672 2.013E+05 41.056 2.247 
644 420 68.578 2.062E+05 35.544 2.373 












646 420 86.757 9.291E+04 19.739 3.755 
647 420 49.225 7.264E+04 14.235 3.866 
648 426 100.831 1.100E+05 23.368 1.201 
649 426 181.759 1.659E+05 36.067 1.331 
650 426 266.205 1.450E+05 27.444 1.373 
651 426 222.223 3.893E+05 52.145 1.393 
652 426 166.512 1.637E+05 34.807 1.435 
653 426 11.694 1.556E+05 33.082 1.544 
654 426 139.536 2.388E+05 50.79 1.548 
655 426 26.941 8.819E+04 17.97 1.710 
656 426 318.397 1.630E+05 29.85 1.862 
657 426 150.678 1.706E+05 28.21 1.893 
658 426 311.947 1.854E+05 33.95 2.160 
659 426 298.459 1.082E+05 27.567 2.222 
660 426 158.888 1.984E+05 41.296 2.257 
661 426 171.790 1.866E+05 33.639 2.280 
662 426 260.927 2.055E+05 41.106 2.292 
663 432 291.422 1.140E+05 21.947 1.594 
664 432 129.567 3.134E+05 49.921 1.760 
665 432 340.095 6.335E+04 15.648 1.958 
666 432 351.824 1.482E+05 24.826 2.408 
667 432 206.975 8.659E+04 16.976 2.483 
668 432 240.402 8.276E+04 16.862 2.800 
669 432 125.462 9.329E+04 24.553 2.949 
670 432 243.334 5.415E+04 12.994 3.020 
671 438 187.037 1.968E+05 30.594 1.062 
672 438 138.363 2.963E+05 47.787 1.192 
673 438 33.978 1.043E+05 26.593 1.212 
674 438 100.245 5.353E+04 12.5 1.307 
675 438 198.179 7.190E+04 13.365 1.553 
676 438 216.358 7.721E+04 17.163 1.630 
677 438 106.109 1.146E+05 24.901 1.673 
678 438 62.713 1.496E+05 27.837 1.818 
679 438 120.184 2.558E+05 46.868 2.112 
680 438 164.166 1.956E+05 39.895 2.141 
681 438 161.234 4.148E+05 76.02 2.380 
682 438 184.105 1.102E+05 24.509 2.442 












684 438 192.315 1.181E+05 23.599 2.726 
685 438 4.657 5.750E+04 12.203 2.790 
686 438 270.310 6.645E+04 14.427 2.966 
687 438 103.177 7.227E+04 19.013 3.806 
688 444 45.707 2.041E+05 32.494 0.977 
689 444 338.922 9.018E+04 20.052 1.663 
690 444 248.026 2.705E+05 37.199 1.828 
691 444 26.355 6.520E+04 15.652 1.893 
692 444 263.859 1.046E+05 22.722 2.120 
693 444 345.373 4.928E+04 12.54 2.296 
694 444 323.089 7.740E+04 17.205 2.336 
695 444 134.844 9.675E+04 22.623 2.444 
696 444 36.324 1.027E+05 20.527 2.569 
697 444 173.549 1.386E+05 30.829 2.699 
698 444 76.201 1.359E+05 24.493 2.914 
699 444 89.103 1.044E+05 21.721 3.182 
700 450 292.594 1.577E+05 36.905 1.161 
701 450 33.978 3.053E+05 66.416 1.188 
702 450 311.947 1.914E+05 39.853 1.652 
703 450 188.210 1.975E+05 40.278 1.665 
704 450 223.396 2.541E+05 42.037 1.876 
705 450 151.851 1.980E+05 36.268 1.881 
706 450 113.733 1.047E+05 18.287 1.895 
707 450 60.368 4.171E+04 8.843 2.005 
708 450 157.715 2.567E+05 54.597 2.028 
709 450 7.589 1.286E+05 21.542 2.104 
710 450 144.814 4.036E+05 60.713 2.129 
711 450 354.756 8.749E+04 19.005 2.330 
712 450 279.693 2.177E+05 41.955 2.457 
713 450 228.673 2.475E+05 45.349 2.509 
714 450 284.971 8.058E+04 16.097 2.519 
715 450 58.022 6.387E+04 15.331 2.982 
716 450 236.297 1.700E+05 32.759 3.356 
717 450 93.794 3.017E+05 43.089 3.783 
718 450 211.667 1.854E+05 42.274 4.608 
719 456 179.413 4.047E+05 68.203 0.719 
720 456 45.120 5.537E+04 11.482 1.095 












722 456 215.772 1.809E+05 36.806 1.938 
723 456 343.614 9.406E+04 19.528 2.075 
724 456 267.964 1.414E+05 24.151 2.095 
725 456 261.514 1.096E+05 20.62 2.294 
726 456 316.638 1.033E+05 18.176 2.461 
727 456 328.367 1.632E+05 33.908 2.469 
728 456 197.006 1.022E+05 25.451 2.654 
729 456 55.090 2.100E+05 37.593 2.742 
730 456 109.041 7.296E+04 17.615 2.764 
731 456 123.116 2.409E+05 44.583 3.021 
732 456 168.271 6.896E+04 16.178 3.578 
733 456 29.873 1.098E+05 25.785 3.676 
734 462 289.662 1.156E+05 22.984 0.865 
735 462 292.594 3.021E+05 60.118 1.160 
736 462 26.941 1.996E+05 38.151 1.656 
737 462 106.109 1.963E+05 36.815 1.723 
738 462 282.039 8.243E+04 17.51 1.730 
739 462 310.774 9.700E+04 24.395 1.738 
740 462 321.916 1.849E+05 36.042 1.773 
741 462 192.901 2.296E+05 42.295 1.843 
742 462 184.105 1.956E+05 36.694 1.887 
743 462 155.956 2.548E+05 50.708 1.938 
744 462 296.113 3.431E+05 52.227 2.196 
745 462 199.938 1.973E+05 35.695 2.445 
746 462 245.093 1.147E+05 23.293 2.584 
747 462 232.778 2.945E+05 59.859 2.842 
748 462 205.803 2.041E+05 37.587 3.183 
749 462 70.923 1.538E+05 23.982 4.072 
750 462 14.040 7.840E+04 15.911 4.338 
751 468 277.347 8.120E+04 18.136 0.977 
752 468 178.827 2.976E+05 54.825 1.088 
753 468 337.163 1.269E+05 26.972 1.339 
754 468 104.350 9.079E+04 14.935 1.372 
755 468 323.675 6.442E+04 16.19 1.537 
756 468 164.752 1.519E+05 33.087 1.591 
757 468 136.017 1.912E+05 29.093 1.742 
758 468 263.859 1.928E+05 40.066 1.802 












760 468 347.133 2.053E+05 35.927 2.231 
761 468 340.682 1.177E+05 22.919 2.380 
762 468 334.231 3.402E+05 53.111 2.605 
763 468 117.838 2.197E+05 31.229 2.866 
764 468 22.250 1.215E+05 24.678 3.283 
765 468 39.843 1.097E+05 18.054 3.309 
766 468 81.479 1.338E+05 23.411 4.758 
767 474 290.249 2.671E+05 42.482 1.000 
768 474 171.203 1.676E+05 31.972 1.294 
769 474 110.801 3.438E+05 44.24 1.426 
770 474 311.947 2.287E+05 39.195 1.495 
771 474 354.170 3.346E+05 40.874 1.499 
772 474 153.024 1.701E+05 35.411 1.758 
773 474 229.846 3.221E+05 48.01 1.839 
774 474 302.564 2.483E+05 33.497 2.120 
775 474 242.748 2.444E+05 42.583 2.239 
776 474 76.201 7.239E+04 13.269 2.810 
777 474 87.344 2.992E+05 44.586 3.046 
778 474 48.639 2.227E+05 31.666 3.129 
779 474 307.255 1.121E+05 25.934 4.455 
780 480 277.347 2.008E+05 33.862 0.621 
781 480 323.675 8.820E+04 18.8 0.962 
782 480 337.163 5.631E+04 13.85 0.969 
783 480 198.179 2.797E+05 62.927 0.992 
784 480 189.383 2.280E+05 41.875 1.066 
785 480 267.964 1.956E+05 29.507 1.219 
786 480 195.833 2.879E+05 58.59 1.393 
787 480 162.993 3.271E+05 65.11 1.473 
788 480 202.284 3.832E+05 60.965 1.483 
789 480 321.330 7.969E+04 15.834 1.581 
790 480 262.686 7.957E+04 18.395 1.602 
791 480 216.358 2.513E+05 45.324 1.612 
792 480 328.367 1.141E+05 19.225 1.746 
793 480 19.317 1.509E+05 23.04 1.920 
794 480 223.982 1.802E+05 27.88 1.920 
795 480 240.402 5.989E+04 12.446 1.962 
796 480 4.657 2.232E+05 26.608 2.108 












798 480 280.279 8.958E+04 19.095 2.335 
799 480 219.291 1.783E+05 35.475 2.433 
800 480 298.459 6.826E+04 13.272 2.500 
801 480 314.879 8.394E+04 17.056 2.540 
802 480 208.735 2.266E+05 40.146 2.556 
803 480 259.168 1.033E+05 18.951 2.619 
804 480 158.888 2.940E+05 48.12 2.667 
805 480 285.557 7.689E+04 17.273 2.862 
806 480 247.439 6.265E+04 14.068 2.894 
807 480 144.227 1.319E+05 32.487 3.631 
808 480 147.746 2.979E+05 60.628 3.799 
809 480 253.304 5.524E+04 13.153 4.161 
810 480 272.069 1.004E+05 22.554 4.498 
811 486 164.166 4.313E+05 65.096 0.901 
812 486 151.265 3.195E+05 49.47 1.505 
813 486 170.030 9.979E+04 22.427 1.742 
814 486 137.777 1.193E+05 18.703 1.806 
815 486 174.135 2.588E+05 47.529 2.502 
816 486 155.956 6.107E+04 13.346 2.854 
817 492 198.179 1.973E+05 37.571 0.563 
818 492 191.142 6.851E+05 93.253 0.716 
819 492 178.827 2.613E+05 48.75 1.907 
820 492 182.345 3.108E+05 63.271 2.823 
821 510 350.065 4.581E+05 74.895 0.787 
822 510 189.383 1.237E+05 28.58 0.995 
823 510 324.262 1.921E+05 39.439 1.015 
824 510 318.397 1.621E+05 33.276 1.906 
825 510 225.741 1.998E+05 34.407 2.393 
826 510 243.334 1.360E+05 29.511 2.442 
827 510 303.150 3.172E+05 60.55 2.449 
828 510 267.378 1.173E+05 23.463 2.483 
829 510 185.864 1.016E+05 16.59 2.564 
830 510 231.019 3.183E+05 59.43 2.911 
831 510 206.389 1.920E+05 34.366 3.171 
832 510 239.229 2.922E+05 55.765 3.295 
833 510 362.380 4.361E+05 62.71 198.557 
834 516 219.291 2.211E+05 37.392 2.117 












836 516 261.514 4.139E+05 70.034 2.217 
837 516 270.310 3.458E+05 59.657 2.445 
838 516 29.873 2.673E+05 39.541 2.569 
839 516 275.588 4.977E+05 63.305 2.628 
840 516 309.014 1.770E+05 28.33 3.102 
841 516 94.967 1.458E+05 32.453 3.132 
842 516 110.214 3.333E+05 62.744 3.269 
843 516 299.045 1.126E+05 22.267 3.423 
844 516 334.231 2.599E+05 37.881 3.470 
845 516 113.733 2.618E+05 53.227 3.588 
846 516 25.182 1.222E+05 22.984 3.667 
847 516 252.131 2.398E+05 44.092 3.698 
848 516 104.936 3.630E+05 56.246 3.775 
849 516 338.336 1.431E+05 27.592 3.945 
850 516 43.361 1.249E+05 23.495 5.567 
851 516 56.849 1.592E+05 33.294 6.155 
852 522 349.478 4.139E+05 78.5 0.860 
853 522 324.848 2.496E+05 50.04 1.022 
854 522 189.383 1.862E+05 38.468 1.168 
855 522 82.066 2.964E+05 52.232 1.721 
856 522 315.465 3.110E+05 42.838 1.896 
857 522 263.859 2.718E+05 52.954 2.040 
858 522 216.945 3.042E+05 50.284 2.124 
859 522 290.835 7.241E+05 78.606 2.299 
860 522 198.179 5.058E+05 79.03 2.377 
861 522 255.649 4.485E+05 64.54 2.395 
862 522 305.496 2.143E+05 42.958 2.486 
863 522 282.039 6.941E+05 85.554 2.489 
864 522 343.027 4.124E+05 64.428 2.735 
865 522 212.253 1.443E+05 28.094 2.766 
866 522 76.201 2.146E+05 36.205 2.770 
867 522 327.780 1.641E+05 30.318 2.903 
868 522 21.077 2.042E+05 32.474 2.938 
869 522 12.867 3.019E+05 41.024 3.083 
870 522 37.497 2.663E+05 38.306 3.181 
871 522 128.980 2.948E+05 46.89 3.283 
872 522 63.300 3.853E+05 62.469 3.361 












874 522 247.439 1.675E+05 35.736 3.450 
875 522 67.991 3.315E+05 52.732 3.574 
876 522 120.770 4.606E+05 68.396 3.734 
877 522 98.486 1.592E+05 32.878 3.753 
878 522 355.929 4.970E+05 76.311 3.783 
879 522 7.002 2.210E+05 35.138 4.179 
880 522 140.709 1.691E+05 32.052 4.511 
881 522 135.431 1.204E+05 21.702 4.676 
















1 6 337.163 2.115E+05 41.768 2.650 
2 6 229.846 9.988E+04 24.359 3.239 
3 6 308.428 9.568E+04 25.43 4.937 
4 6 304.323 3.867E+05 96.988 5.023 
5 6 248.026 2.143E+05 55.304 7.871 
6 12 104.350 4.208E+04 10.831 2.598 
7 12 89.689 8.793E+04 16.26 3.877 
8 12 134.258 2.862E+05 50.746 4.205 
9 12 153.024 2.252E+05 46.989 4.855 
10 18 32.805 2.989E+05 62.371 1.609 
11 18 111.974 3.431E+04 8.573 6.524 
12 24 33.978 1.964E+05 38.798 1.868 
13 24 5.243 1.646E+05 35.723 2.479 
14 24 343.027 8.878E+04 16.173 2.582 
15 24 102.004 2.332E+05 45.291 2.674 
16 24 221.050 8.650E+04 16.777 3.372 
17 24 160.647 2.644E+05 48.23 6.200 
18 30 353.583 8.005E+04 12.813 2.081 
19 30 289.076 2.326E+05 36.88 2.218 
20 30 270.896 2.396E+05 40.806 2.568 
21 30 240.988 2.331E+05 49.605 3.030 
22 30 296.699 5.148E+04 12.538 3.077 
23 30 339.509 2.553E+05 44.649 3.452 
24 36 299.045 8.189E+04 14.267 2.018 
25 36 229.846 1.987E+05 34.231 2.326 
26 36 359.448 7.223E+04 14.594 4.063 
27 36 332.472 2.037E+05 36.01 4.899 
28 36 323.675 2.011E+05 33.816 5.689 
29 42 6.416 2.350E+05 41.64 2.025 
30 42 192.315 4.190E+04 9.363 2.996 
31 42 310.187 2.464E+05 39.045 3.024 
32 42 170.617 5.596E+04 10.728 5.111 
33 48 232.778 2.428E+05 45.349 2.487 
34 48 69.751 1.005E+05 15.744 2.626 
35 48 50.398 8.427E+04 19.256 6.091 
36 48 260.927 1.704E+05 34.851 6.749 












38 54 194.660 1.126E+05 21.627 2.165 
39 54 116.665 9.133E+04 17.035 2.257 
40 54 355.343 2.198E+05 50.283 2.647 
41 54 242.161 2.569E+05 52.559 2.988 
42 54 103.177 1.010E+05 23.088 3.203 
43 54 137.777 5.559E+04 12.691 3.418 
44 54 220.463 6.264E+04 14.942 3.703 
45 54 154.783 9.810E+04 18.833 4.074 
46 60 62.127 1.157E+05 22.544 1.252 
47 60 289.076 9.160E+04 16.208 2.054 
48 60 223.982 2.304E+05 34.187 2.830 
49 60 239.229 1.995E+05 43.847 3.485 
50 60 34.565 3.961E+04 9.658 3.571 
51 60 204.043 4.625E+04 8.493 5.399 
52 66 271.483 3.245E+04 8.542 1.462 
53 66 28.114 2.398E+05 35.899 2.561 
54 72 61.541 2.676E+05 46.886 1.206 
55 72 245.680 9.952E+04 18.559 1.986 
56 72 108.455 1.098E+05 22.021 3.046 
57 72 89.103 4.192E+05 64.803 3.670 
58 72 123.116 4.269E+04 10.552 3.772 
59 72 74.442 2.001E+05 36.855 4.178 
60 72 181.172 7.001E+04 14.256 4.366 
61 78 193.488 4.214E+04 11.653 1.239 
62 78 355.343 4.033E+05 53.219 1.414 
63 78 83.825 9.174E+04 20.541 2.273 
64 78 119.597 5.535E+04 11.333 2.819 
65 78 31.633 2.020E+05 37.933 3.012 
66 78 41.602 5.728E+04 11.545 3.166 
67 78 162.993 4.202E+04 9.774 3.704 
68 78 45.707 7.493E+04 16.769 3.874 
69 84 317.811 1.094E+05 24.039 1.071 
70 84 221.636 1.127E+05 19.614 1.780 
71 84 190.555 2.469E+04 7.025 2.538 
72 84 135.431 5.594E+04 11.274 2.616 
73 84 139.536 5.732E+04 12.58 2.868 
74 84 334.231 1.275E+05 24.961 3.810 












76 90 192.901 1.042E+05 21.373 1.117 
77 90 345.960 5.999E+04 14.601 1.540 
78 90 81.479 1.145E+05 26.18 2.509 
79 90 326.021 1.518E+05 25.86 2.924 
80 96 277.347 1.254E+05 29.246 1.112 
81 96 317.811 2.369E+05 57.753 1.297 
82 96 185.278 2.240E+05 53.42 1.454 
83 96 211.667 6.995E+04 18.329 1.660 
84 96 246.266 5.503E+04 13.39 2.247 
85 96 15.799 1.358E+05 26.622 2.971 
86 96 306.082 4.290E+05 78.577 3.100 
87 102 347.719 1.834E+05 35.448 1.456 
88 102 337.750 4.517E+04 12.501 1.792 
89 102 267.378 6.517E+04 15.863 2.623 
90 102 283.212 1.966E+05 37.996 2.959 
91 102 215.772 2.997E+05 51.663 3.589 
92 102 263.273 9.882E+04 25.907 4.752 
93 108 184.691 1.195E+05 24.141 1.118 
94 108 277.934 2.697E+05 52.901 1.119 
95 108 86.171 2.181E+05 40.993 1.213 
96 108 35.151 1.134E+05 20.478 1.221 
97 108 210.494 2.523E+05 51.001 1.457 
98 108 108.455 2.065E+05 36.418 1.485 
99 108 118.424 1.269E+05 29.602 1.626 
100 108 316.638 3.040E+05 61.467 1.635 
101 108 192.315 7.484E+04 17.093 1.673 
102 108 253.890 1.403E+05 29.781 1.783 
103 108 92.035 1.108E+05 20.01 1.787 
104 108 78.547 1.451E+05 29.779 1.898 
105 108 238.643 9.221E+04 19.23 1.900 
106 108 309.014 9.239E+04 22.01 2.039 
107 108 232.778 2.624E+05 45.761 2.091 
108 108 37.497 8.156E+04 17.295 2.129 
109 108 222.223 1.185E+05 25.153 2.172 
110 108 358.275 1.666E+05 34.203 2.423 
111 108 171.790 2.546E+05 47.235 2.650 
112 108 329.540 7.889E+04 17.67 3.041 












114 108 177.067 5.473E+04 13.969 4.344 
115 114 336.577 1.635E+05 30.315 0.958 
116 114 186.450 3.598E+05 55.996 1.089 
117 114 126.048 1.952E+05 37.189 1.344 
118 114 272.069 2.685E+05 52.658 1.592 
119 114 4.070 1.236E+05 27.187 1.705 
120 114 161.234 3.033E+05 52.293 1.818 
121 114 351.824 1.864E+05 31.765 2.016 
122 114 52.744 1.111E+05 19.813 2.048 
123 114 320.743 1.286E+05 24.155 2.226 
124 114 7.589 4.045E+05 77.118 2.400 
125 114 286.730 8.909E+04 22.762 2.793 
126 114 98.486 2.111E+05 44.825 2.895 
127 114 290.249 2.714E+05 50.347 3.113 
128 114 128.980 6.276E+04 15.636 3.188 
129 114 227.501 1.997E+05 35.66 3.407 
130 120 22.250 2.594E+05 44.146 0.835 
131 120 69.751 2.661E+05 39.113 1.641 
132 120 145.987 1.650E+05 32.534 1.663 
133 120 141.882 5.925E+04 16.276 1.919 
134 120 120.770 6.821E+04 19.879 1.919 
135 120 28.700 3.632E+05 67.885 1.920 
136 120 343.027 4.494E+05 74.191 2.008 
137 120 156.542 8.361E+04 19.113 2.136 
138 120 112.560 1.447E+05 31.903 2.189 
139 120 154.197 6.929E+04 17.216 2.328 
140 120 133.672 3.676E+05 56.34 2.530 
141 120 280.279 2.234E+05 59.814 2.693 
142 120 95.554 1.852E+05 40.828 2.798 
143 120 44.534 1.087E+05 21.727 3.083 
144 120 58.022 9.225E+04 22.429 3.134 
145 120 301.977 1.767E+05 37.637 4.051 
146 126 294.940 1.371E+05 27.583 0.949 
147 126 219.877 2.241E+05 44.468 1.049 
148 126 310.187 1.169E+05 28.401 1.205 
149 126 273.242 1.860E+05 44.29 1.214 
150 126 117.838 3.622E+05 73.984 1.396 












152 126 102.591 2.455E+05 48.727 1.612 
153 126 253.304 2.589E+05 54.501 1.622 
154 126 87.344 1.936E+05 45.215 1.829 
155 126 60.954 1.612E+05 27.689 1.956 
156 126 110.214 2.451E+05 57.259 2.075 
157 126 355.929 2.213E+05 43.313 2.384 
158 126 326.607 1.484E+05 40.532 2.410 
159 126 212.253 1.292E+05 32.076 2.505 
160 126 15.799 7.216E+04 20.235 2.988 
161 126 332.472 9.486E+04 23.537 3.057 
162 126 18.731 1.039E+05 27.664 3.558 
163 132 22.250 1.411E+05 35.795 0.983 
164 132 221.050 2.409E+05 51.846 1.167 
165 132 181.172 8.649E+04 19.529 1.261 
166 132 204.043 2.825E+05 47.237 1.279 
167 132 55.090 2.906E+05 53.944 1.357 
168 132 233.951 7.923E+04 22.712 1.448 
169 132 104.350 3.814E+05 75.333 1.585 
170 132 121.943 1.398E+05 40.11 1.734 
171 132 78.547 1.412E+05 33.072 1.758 
172 132 238.643 2.219E+05 51.975 1.769 
173 132 125.462 1.622E+05 43.071 1.800 
174 132 160.061 1.951E+05 45.693 1.877 
175 132 306.669 1.958E+05 49.71 1.960 
176 132 257.995 1.060E+05 22.789 1.978 
177 132 209.908 2.948E+05 56.047 1.994 
178 132 324.262 3.449E+05 73.098 2.130 
179 132 2.897 1.405E+05 37.299 2.268 
180 132 266.791 7.617E+04 20.212 3.041 
181 138 294.354 1.740E+05 44.168 1.296 
182 138 163.580 2.800E+05 71.082 1.333 
183 138 7.589 2.441E+05 47.571 1.564 
184 138 92.035 2.031E+05 40.645 1.803 
185 138 350.065 3.318E+05 57.71 2.075 
186 138 277.934 8.611E+04 24.687 2.106 
187 138 335.404 2.879E+05 61.005 2.111 
188 138 282.039 1.386E+05 35.167 2.112 












190 138 286.144 7.596E+04 21.194 2.285 
191 138 344.787 2.710E+05 61.255 2.329 
192 138 142.468 7.461E+04 23.432 2.541 
193 138 169.444 2.505E+05 57.637 2.758 
194 138 198.765 7.933E+04 22.743 3.020 
195 138 72.683 3.442E+05 80.647 3.145 
196 144 21.663 7.538E+04 19.543 0.941 
197 144 145.400 3.574E+05 94.963 0.959 
198 144 179.413 2.474E+05 53.238 1.246 
199 144 205.216 1.332E+05 30.623 1.251 
200 144 239.816 1.182E+05 31.395 1.265 
201 144 273.242 1.752E+05 41.811 1.269 
202 144 308.428 2.263E+05 55.087 1.369 
203 144 117.838 2.593E+05 58.611 1.589 
204 144 28.114 2.235E+05 58 1.746 
205 144 101.418 2.944E+05 64.377 1.970 
206 144 328.953 4.808E+05 92.576 1.981 
207 144 29.873 2.026E+05 55.146 2.056 
208 144 245.093 1.829E+05 47.452 3.268 
209 150 173.549 1.756E+05 47.798 0.965 
210 150 80.306 4.016E+05 74.568 1.135 
211 150 214.599 2.151E+05 48.627 1.230 
212 150 162.993 9.349E+04 29.369 1.518 
213 150 56.263 2.374E+05 46.884 1.649 
214 150 313.120 1.561E+05 41.468 1.775 
215 150 253.304 4.958E+05 102.048 1.818 
216 150 233.365 4.272E+05 86.691 1.878 
217 150 291.422 1.140E+05 28.927 1.893 
218 150 15.212 1.899E+05 43.686 2.265 
219 150 261.514 1.339E+05 34.733 2.326 
220 150 319.570 1.366E+05 30.866 2.486 
221 150 264.446 9.315E+04 24.156 2.653 
222 150 38.083 4.132E+05 75.005 2.654 
223 150 256.236 1.222E+05 28.089 2.684 
224 150 249.199 1.628E+05 42.241 3.347 
225 156 145.400 5.749E+05 114.551 0.876 
226 156 276.761 1.972E+05 49.422 1.771 












228 156 228.673 1.060E+05 30.663 1.850 
229 156 65.059 4.936E+05 72.448 1.937 
230 156 354.756 1.703E+05 40.226 1.992 
231 156 154.783 2.575E+05 62.019 2.064 
232 156 160.061 2.438E+05 55.59 2.177 
233 156 209.321 1.880E+05 43.616 2.259 
234 156 48.639 1.178E+05 33.157 2.277 
235 156 5.830 5.447E+04 14.932 2.333 
236 156 357.688 1.398E+05 39.368 2.449 
237 156 96.140 5.969E+04 17.252 2.491 
238 156 76.788 1.173E+05 30.026 2.683 
239 156 185.864 2.552E+05 48.345 2.715 
240 156 140.709 1.404E+05 43.08 2.811 
241 156 90.276 8.907E+04 28.224 3.035 
242 156 111.974 2.836E+05 61.574 3.047 
243 156 33.392 2.542E+05 65.105 3.144 
244 156 137.777 1.327E+05 39.5 3.362 
245 156 340.095 5.407E+04 17.12 4.008 
246 162 214.013 9.941E+04 27.988 1.124 
247 162 173.549 2.238E+05 56.099 1.195 
248 162 29.873 2.606E+05 54.879 1.483 
249 162 332.472 2.573E+05 58.681 1.540 
250 162 92.621 1.186E+05 31.03 1.632 
251 162 308.428 2.600E+05 61.446 1.679 
252 162 178.827 1.140E+05 31.286 1.765 
253 162 87.344 7.658E+04 20.498 2.021 
254 162 343.614 1.695E+05 39.32 2.219 
255 162 199.938 2.032E+05 44.107 2.329 
256 162 283.212 1.000E+05 28.929 2.621 
257 162 128.394 4.079E+05 81.263 2.667 
258 162 167.685 7.124E+04 18.217 2.668 
259 162 286.144 1.226E+05 32.847 2.806 
260 162 235.711 8.963E+04 25.924 3.131 
261 162 176.481 1.252E+05 37.265 3.179 
262 162 70.337 1.375E+05 35.203 3.193 
263 162 149.505 1.765E+05 46.193 3.299 
264 162 269.724 1.143E+05 25.603 3.336 












266 168 313.706 7.494E+04 21.667 0.853 
267 168 227.501 5.404E+04 15.616 1.135 
268 168 190.555 3.865E+05 80.238 1.348 
269 168 80.306 1.065E+05 27.239 1.367 
270 168 317.811 1.643E+05 36.822 2.034 
271 168 123.702 3.046E+05 54.555 2.137 
272 168 84.998 1.459E+05 35.113 2.202 
273 168 153.024 2.227E+05 58.299 2.209 
274 168 104.350 1.163E+05 30.441 2.310 
275 168 143.054 1.759E+05 52.398 2.460 
276 168 134.844 2.199E+05 51.971 2.690 
277 168 345.960 4.920E+04 15.574 2.800 
278 168 195.247 1.268E+05 26.293 4.011 
279 174 19.317 1.891E+05 36.708 0.879 
280 174 296.113 1.676E+05 35.281 1.167 
281 174 59.781 2.777E+05 71.114 1.279 
282 174 358.275 1.612E+05 43.181 1.388 
283 174 274.415 4.868E+05 115.074 1.867 
284 174 333.645 1.160E+05 34.536 1.880 
285 174 246.266 3.786E+05 67.823 1.934 
286 174 171.203 1.172E+05 24.672 1.983 
287 174 290.835 3.631E+05 70.51 2.051 
288 174 352.410 2.417E+05 55.116 2.097 
289 174 281.452 7.829E+04 23.295 2.200 
290 174 232.778 1.211E+05 36.051 2.224 
291 174 117.252 2.523E+05 60.769 2.231 
292 174 131.326 2.192E+05 49.988 2.233 
293 174 94.381 7.365E+04 21.915 2.234 
294 174 100.831 1.196E+05 27.747 2.276 
295 174 35.738 2.733E+05 57.566 2.468 
296 174 277.347 1.093E+05 34.635 2.578 
297 174 329.540 9.502E+04 22.03 2.602 
298 174 262.100 1.618E+05 46.81 2.635 
299 174 108.455 3.533E+05 80.567 3.034 
300 180 265.619 2.023E+05 47.81 1.034 
301 180 210.494 8.373E+04 23.566 1.045 
302 180 313.706 2.337E+05 58.571 1.097 












304 180 354.756 2.588E+05 53.711 1.677 
305 180 231.019 1.088E+05 30.645 1.817 
306 180 161.234 1.823E+05 38.383 1.822 
307 180 67.991 6.111E+05 111.889 1.912 
308 180 141.295 1.541E+05 41.277 2.127 
309 180 44.534 5.604E+05 97.336 2.219 
310 180 75.028 1.854E+05 40.23 2.520 
311 180 119.597 9.705E+04 28.07 2.736 
312 180 164.166 1.028E+05 26.315 3.057 
313 180 323.675 2.590E+05 54.533 3.070 
314 180 219.291 6.509E+04 17.847 3.156 
315 186 59.781 3.214E+05 63.835 0.570 
316 186 18.731 1.439E+05 32.563 0.922 
317 186 205.216 3.657E+05 76.675 1.540 
318 186 154.783 8.117E+04 21.945 1.671 
319 186 27.528 8.415E+04 22.752 1.818 
320 186 343.614 3.138E+05 73.557 1.921 
321 186 189.969 6.631E+04 18.365 1.935 
322 186 90.276 1.680E+05 37.405 2.102 
323 186 136.604 2.267E+05 55.143 2.173 
324 186 272.656 2.360E+05 61.041 2.337 
325 186 48.639 3.153E+05 66.104 2.405 
326 186 259.168 5.260E+04 16.283 2.415 
327 186 248.612 1.243E+05 30.825 2.418 
328 186 216.358 7.969E+04 17.726 2.607 
329 186 299.632 1.196E+05 28.53 2.810 
330 186 146.573 1.508E+05 37.385 2.993 
331 186 181.172 1.089E+05 26.988 3.122 
332 192 232.192 1.986E+05 38.706 1.037 
333 192 308.428 5.667E+04 16.234 1.086 
334 192 265.619 7.605E+04 23.882 1.193 
335 192 211.080 1.835E+05 42.984 1.212 
336 192 150.678 6.667E+04 20.267 1.397 
337 192 277.934 1.949E+05 45.645 1.576 
338 192 257.409 1.721E+05 38.903 1.634 
339 192 78.547 1.058E+05 27.432 1.665 
340 192 104.350 2.851E+05 59.516 1.679 












342 192 317.225 4.330E+05 87.868 1.808 
343 192 85.584 2.699E+05 59.991 2.179 
344 192 72.683 2.409E+05 59.85 2.318 
345 192 240.988 3.241E+05 53.694 2.399 
346 192 338.922 1.413E+05 39.461 2.566 
347 192 167.685 5.555E+04 16.881 2.694 
348 192 287.903 7.274E+04 18.44 3.157 
349 192 361.207 8.838E+04 24.272 333.408 
350 198 177.654 4.236E+05 71.078 0.722 
351 198 320.743 1.566E+05 39.979 1.272 
352 198 29.287 7.696E+04 20.097 1.810 
353 198 352.997 1.505E+05 38.419 2.032 
354 198 159.475 2.821E+05 59.739 2.204 
355 198 97.313 2.639E+05 50.614 2.230 
356 198 347.133 3.455E+05 69.968 2.271 
357 198 113.733 3.888E+05 75.563 2.436 
358 198 24.595 6.981E+04 15.505 2.526 
359 204 307.842 1.964E+05 38.669 0.953 
360 204 151.265 2.588E+05 58.598 1.189 
361 204 204.043 1.882E+05 40.479 1.242 
362 204 358.861 2.366E+05 55.594 1.768 
363 204 76.201 2.575E+05 64.322 1.952 
364 204 131.912 1.085E+05 29.037 2.131 
365 204 225.741 6.620E+04 16.883 2.261 
366 204 192.315 1.949E+05 41.92 2.301 
367 204 154.783 1.267E+05 39.18 2.340 
368 204 38.670 8.042E+04 18.518 2.460 
369 204 122.529 1.362E+05 31.983 2.698 
370 204 333.058 9.144E+04 23.885 2.831 
371 204 341.268 1.218E+05 33.468 2.894 
372 204 184.105 7.071E+04 19.41 2.922 
373 204 51.571 5.492E+04 15.932 3.010 
374 210 68.578 3.731E+05 69.966 0.778 
375 210 178.240 1.518E+05 43.47 1.518 
376 210 257.995 9.460E+04 21.702 1.549 
377 210 78.547 2.773E+05 77.312 1.672 
378 210 210.494 9.263E+04 23.978 1.686 












380 210 233.365 1.004E+05 22.638 1.740 
381 210 54.503 4.541E+05 78.84 1.836 
382 210 219.291 4.998E+04 15.157 1.845 
383 210 125.462 1.404E+05 28.423 1.933 
384 210 165.925 2.671E+05 51.974 2.115 
385 210 337.163 3.600E+05 76.158 2.128 
386 210 143.641 3.308E+05 78.854 2.312 
387 210 262.100 9.040E+04 22.884 2.343 
388 210 63.300 3.328E+05 70.416 2.510 
389 210 350.651 1.526E+05 40.452 2.584 
390 210 32.805 4.283E+05 82.301 2.807 
391 210 82.066 2.547E+05 63.169 3.190 
392 210 109.628 1.181E+05 34.796 3.214 
393 210 3.484 6.357E+04 17.248 3.979 
394 216 202.870 3.279E+05 71.132 1.392 
395 216 189.383 1.898E+05 43.318 1.515 
396 216 352.997 1.355E+05 30.904 1.539 
397 216 29.873 1.054E+05 26.528 1.638 
398 216 303.150 4.511E+05 73.478 1.729 
399 216 57.436 1.590E+05 40.025 1.801 
400 216 319.570 5.805E+04 14.285 1.859 
401 216 268.551 8.501E+04 19.042 2.066 
402 216 283.212 8.991E+04 21.273 2.154 
403 216 49.225 1.414E+05 29.71 2.238 
404 216 175.895 1.717E+05 45.238 2.250 
405 216 300.218 1.723E+05 49.044 2.263 
406 216 133.672 2.443E+05 67.691 2.466 
407 216 326.021 1.354E+05 28.021 2.472 
408 216 238.056 1.362E+05 33.57 2.623 
409 216 275.588 2.378E+05 49.994 2.641 
410 216 138.949 2.950E+05 69.873 3.019 
411 216 311.947 4.870E+04 15.161 3.303 
412 216 11.694 2.752E+05 67.848 3.720 
413 222 68.578 1.095E+05 29.302 1.134 
414 222 106.696 3.358E+05 59.283 1.344 
415 222 218.118 3.115E+05 62.169 1.466 
416 222 223.982 3.744E+05 66.835 1.556 












418 222 15.212 4.626E+05 91.089 1.697 
419 222 250.371 2.210E+05 51.895 1.704 
420 222 358.861 8.283E+04 22.157 1.942 
421 222 111.974 1.294E+05 32.289 2.254 
422 222 280.279 3.374E+05 71.435 2.517 
423 222 343.614 2.097E+05 45.842 2.540 
424 222 162.407 8.030E+04 24.808 2.793 
425 222 186.450 9.693E+04 25.934 3.060 
426 222 21.663 2.381E+05 46.864 3.258 
427 222 136.017 2.895E+05 89.517 3.360 
428 222 246.853 2.129E+05 55.638 3.745 
429 228 289.076 1.336E+05 29.689 0.871 
430 228 314.292 1.358E+05 38.309 1.192 
431 228 145.987 1.313E+05 38.112 1.230 
432 228 78.547 1.126E+05 27.502 1.804 
433 228 74.442 1.643E+05 31.087 1.871 
434 228 87.930 1.719E+05 41.165 2.199 
435 228 159.475 1.112E+05 32.28 2.248 
436 228 141.882 1.576E+05 39.335 2.313 
437 228 116.079 1.482E+05 37.813 2.367 
438 228 265.619 6.606E+05 120.667 2.696 
439 234 300.218 2.528E+05 50.147 1.100 
440 234 38.670 7.596E+04 18.175 1.141 
441 234 189.383 2.133E+05 42.316 1.222 
442 234 123.702 2.618E+05 64.086 1.449 
443 234 357.102 9.419E+04 20.872 1.480 
444 234 56.849 1.640E+05 34.016 1.512 
445 234 221.636 1.477E+05 38.754 1.592 
446 234 208.735 5.777E+04 17.482 1.632 
447 234 84.998 4.432E+05 84.399 1.732 
448 234 335.990 3.316E+05 56.771 1.787 
449 234 202.284 1.803E+05 47.32 1.819 
450 234 199.938 3.067E+05 58.397 1.850 
451 234 286.144 4.993E+05 107.022 1.878 
452 234 97.899 5.826E+04 16.562 1.937 
453 234 236.297 3.326E+05 71.287 1.992 
454 234 118.424 2.656E+05 53.46 2.026 












456 234 241.575 3.248E+05 55.021 2.145 
457 234 8.762 2.842E+05 50.286 2.435 
458 234 25.768 6.653E+04 19.5 2.885 
459 234 28.114 6.136E+04 18.574 3.001 
460 234 261.514 9.964E+04 27.549 3.053 
461 234 101.418 1.684E+05 38.026 3.109 
462 240 145.987 1.445E+05 37.006 1.147 
463 240 314.292 2.930E+05 73.321 1.194 
464 240 92.035 1.464E+05 37.49 1.354 
465 240 15.799 2.342E+05 45.801 1.374 
466 240 270.310 4.094E+05 73.288 1.410 
467 240 165.925 8.753E+04 19.392 1.624 
468 240 48.053 2.300E+05 37.062 1.666 
469 240 107.282 8.011E+04 21.549 1.678 
470 240 288.489 1.628E+05 43.833 1.726 
471 240 250.371 4.772E+04 13.558 1.994 
472 240 161.234 1.685E+05 38.769 1.999 
473 240 32.219 3.852E+05 60.975 2.047 
474 240 318.984 4.990E+04 13.41 2.167 
475 240 229.260 2.407E+05 44.116 2.578 
476 240 152.437 5.212E+04 15.771 2.991 
477 240 213.426 1.255E+05 27.34 3.877 
478 246 124.875 4.360E+05 73.125 1.078 
479 246 133.085 2.579E+05 48.464 1.583 
480 246 252.131 1.668E+05 37.662 1.743 
481 246 327.780 1.151E+05 30.985 2.064 
482 246 220.463 8.522E+04 25.809 2.086 
483 246 171.203 7.041E+04 19.457 2.088 
484 246 67.405 4.177E+05 81.728 2.224 
485 246 350.651 2.578E+05 49.741 2.402 
486 246 195.247 1.352E+05 33.829 2.511 
487 246 305.496 2.255E+05 52.931 2.696 
488 246 180.586 1.218E+05 33.692 2.829 
489 246 174.135 1.299E+05 34.078 3.293 
490 246 184.105 8.585E+04 21.966 3.650 
491 252 313.120 3.692E+05 63.89 0.829 
492 252 83.825 6.404E+04 17.221 0.863 












494 252 137.777 2.869E+05 54.634 1.407 
495 252 326.021 1.020E+05 21.843 1.432 
496 252 111.387 1.089E+05 30.111 1.464 
497 252 87.344 2.840E+05 61.907 1.479 
498 252 217.531 1.841E+05 41.576 1.558 
499 252 198.179 2.137E+05 59.113 1.700 
500 252 38.670 2.528E+05 50.144 1.702 
501 252 98.486 3.072E+05 66.96 1.732 
502 252 59.195 5.398E+04 15.342 2.008 
503 252 300.218 1.292E+05 36.765 2.102 
504 252 330.126 5.770E+04 14.414 2.347 
505 252 294.354 1.922E+05 46.047 3.438 
506 258 256.236 1.410E+05 32.554 1.437 
507 258 144.227 1.026E+05 23.22 1.662 
508 258 154.197 3.137E+05 51.764 1.700 
509 258 177.654 1.526E+05 37.577 1.711 
510 258 341.855 1.958E+05 37.163 1.773 
511 258 277.934 1.166E+05 29.374 1.846 
512 258 302.564 1.875E+05 49.694 1.858 
513 258 134.844 5.959E+04 17.749 1.865 
514 258 14.040 3.428E+05 66.008 2.095 
515 258 74.442 3.056E+05 59.677 2.149 
516 258 121.357 1.963E+05 37.775 2.339 
517 258 96.140 1.687E+05 38.208 2.370 
518 258 297.872 2.725E+05 61.743 2.381 
519 258 28.700 1.113E+05 28.035 2.468 
520 258 63.300 5.845E+04 16.35 2.601 
521 258 231.606 1.640E+05 37.864 2.837 
522 258 162.993 1.135E+05 32.752 3.255 
523 258 115.492 1.818E+05 46.944 3.426 
524 258 360.034 1.579E+05 35.472 349.304 
525 264 111.974 4.493E+05 81.885 0.945 
526 264 197.006 3.317E+05 62.984 1.098 
527 264 83.238 6.897E+04 16.493 1.149 
528 264 145.987 1.644E+05 32.137 1.355 
529 264 243.334 4.249E+05 62.148 1.458 
530 264 239.229 6.281E+04 15.752 1.592 












532 264 171.790 1.170E+05 28.003 1.888 
533 264 148.919 3.003E+05 62.64 1.929 
534 264 168.857 1.212E+05 32.994 2.026 
535 264 290.249 4.166E+05 84.065 2.067 
536 264 223.982 1.197E+05 31.687 2.118 
537 264 227.501 1.594E+05 35.797 2.274 
538 264 165.339 3.404E+05 69.824 2.290 
539 264 234.538 1.249E+05 26.988 2.513 
540 264 203.457 1.260E+05 30.164 2.863 
541 264 192.315 1.132E+05 25.407 3.018 
542 264 70.923 2.113E+05 44.855 3.106 
543 264 321.330 6.910E+04 17.333 3.175 
544 264 337.750 7.593E+04 20.082 3.213 
545 264 5.243 2.574E+05 42.16 3.606 
546 270 138.949 1.723E+05 30.497 1.353 
547 270 284.384 7.274E+04 16.183 1.358 
548 270 311.947 9.082E+04 17.784 1.368 
549 270 46.293 1.457E+05 29.522 1.376 
550 270 255.063 2.845E+05 54.893 1.519 
551 270 86.757 2.063E+05 41.816 1.623 
552 270 217.531 2.019E+05 40.225 1.635 
553 270 176.481 4.318E+04 12.143 1.772 
554 270 222.223 1.431E+05 32.558 1.956 
555 270 66.232 1.035E+05 20.958 1.980 
556 270 40.429 8.299E+04 18.469 1.996 
557 270 17.558 1.690E+05 29.916 2.322 
558 270 118.424 2.561E+05 49.422 2.324 
559 270 181.172 4.265E+04 11.995 2.339 
560 270 334.817 1.081E+05 21.519 2.396 
561 270 58.608 1.828E+05 43.546 2.474 
562 270 317.811 1.809E+05 32.892 2.744 
563 270 102.591 1.042E+05 27.564 3.250 
564 270 187.037 2.038E+05 42.036 3.360 
565 276 238.056 2.916E+05 50.975 1.090 
566 276 128.980 2.711E+05 46.78 1.162 
567 276 325.435 3.338E+05 66.537 1.633 
568 276 36.324 1.850E+05 31.923 1.753 












570 276 277.347 5.158E+04 14.052 1.927 
571 276 302.564 4.763E+04 13.398 1.937 
572 276 104.936 4.137E+05 75.287 1.959 
573 276 280.279 4.633E+04 12.239 2.033 
574 276 212.840 1.990E+05 39.661 2.056 
575 276 179.413 9.502E+04 25.138 2.179 
576 276 272.069 2.630E+05 43.268 2.224 
577 276 200.525 1.826E+05 36.375 2.723 
578 276 25.768 2.596E+05 53.561 2.762 
579 276 352.410 2.817E+05 51.242 2.811 
580 276 249.199 2.867E+05 46.657 2.922 
581 276 50.985 2.159E+05 43.022 3.729 
582 276 260.341 2.924E+05 57.33 4.212 
583 282 323.675 2.225E+05 53.281 1.371 
584 282 99.659 1.272E+05 34.644 1.411 
585 282 28.700 1.870E+05 32.015 1.413 
586 282 285.557 5.499E+04 13.786 1.453 
587 282 341.268 1.988E+05 36.698 1.648 
588 282 168.271 2.198E+05 47.523 1.697 
589 282 163.580 7.312E+04 18.344 2.637 
590 282 11.107 3.603E+05 56.671 2.662 
591 282 208.148 7.591E+04 20.076 2.766 
592 282 73.269 1.571E+05 36.792 2.791 
593 282 150.678 8.974E+04 22.52 2.853 
594 282 210.494 1.152E+05 29.666 2.926 
595 282 92.621 2.265E+05 44.968 2.941 
596 282 76.788 5.405E+04 15.153 3.151 
597 282 348.305 9.267E+04 26.861 5.315 
598 288 332.472 2.632E+05 48.521 0.895 
599 288 110.214 2.016E+05 41.682 1.209 
600 288 46.293 2.161E+05 43.306 1.279 
601 288 159.475 1.086E+05 28.681 1.383 
602 288 294.354 8.676E+04 19.955 1.394 
603 288 228.673 1.347E+05 23.624 1.597 
604 288 127.221 2.450E+05 55.327 1.963 
605 288 304.909 5.459E+04 13.69 2.250 
606 288 244.507 7.320E+04 15.362 2.275 












608 288 155.956 9.327E+04 20.272 2.519 
609 288 62.713 2.567E+05 56.888 2.597 
610 288 252.717 2.903E+05 58.176 2.893 
611 288 314.879 1.387E+05 30.158 2.984 
612 294 100.245 1.921E+05 43.373 1.143 
613 294 323.089 8.887E+04 26.4 1.541 
614 294 202.870 8.109E+04 20.351 1.775 
615 294 280.866 1.999E+05 46.014 1.776 
616 294 192.901 9.957E+04 19.355 1.957 
617 294 277.347 5.976E+04 17.74 2.104 
618 294 320.157 1.212E+05 30.432 2.405 
619 294 184.691 2.908E+05 52.939 2.522 
620 294 66.232 4.510E+04 12.567 2.948 
621 294 327.194 1.511E+05 42.175 3.223 
622 294 123.116 1.484E+05 36.404 3.653 
623 300 331.885 3.875E+05 76.23 0.928 
624 300 160.061 3.203E+05 62.153 1.066 
625 300 204.630 1.109E+05 29.248 2.093 
626 300 129.567 2.081E+05 49.124 2.138 
627 300 181.172 1.342E+05 30.462 2.155 
628 300 283.212 2.187E+05 49.665 2.372 
629 300 239.816 1.347E+05 28.531 2.757 
630 300 171.203 2.988E+05 63.339 2.983 
631 300 40.429 6.519E+04 17.628 3.199 
632 300 225.155 2.079E+05 41.461 3.201 
633 300 87.930 9.624E+04 25.379 3.696 
634 300 357.688 1.600E+05 37.023 335.567 
635 306 110.214 2.441E+05 58.308 1.136 
636 306 117.838 1.172E+05 29.181 1.744 
637 306 294.354 1.804E+05 42.238 1.786 
638 306 56.849 1.488E+05 34.179 1.911 
639 306 197.006 1.428E+05 34.105 1.975 
640 306 75.615 1.804E+05 38.686 2.044 
641 306 343.614 3.065E+05 63.723 2.101 
642 306 338.336 1.388E+05 30.256 2.339 
643 306 37.497 1.521E+05 28.698 2.408 
644 306 213.426 7.728E+04 18.078 2.420 












646 306 220.463 2.424E+05 54.706 3.022 
647 306 142.468 6.930E+04 18.484 3.602 
648 312 100.831 2.044E+05 49.839 0.919 
649 312 332.472 1.880E+05 51.508 1.376 
650 312 162.407 2.168E+05 59.394 1.448 
651 312 148.332 1.531E+05 44.34 1.517 
652 312 301.391 6.849E+04 16.674 1.701 
653 312 153.610 9.998E+04 24.355 1.930 
654 312 167.098 2.631E+05 58.355 1.968 
655 312 304.323 1.204E+05 27.147 2.362 
656 312 28.700 2.867E+05 51.044 2.402 
657 312 188.210 1.766E+05 34.665 2.441 
658 312 72.096 2.282E+05 55.632 2.617 
659 312 43.948 2.087E+05 45.5 2.716 
660 312 313.120 1.434E+05 33.584 2.790 
661 312 126.048 8.535E+04 24.704 2.831 
662 312 138.949 2.383E+05 50.307 2.972 
663 312 270.310 5.461E+04 12.765 3.011 
664 312 309.014 1.213E+05 30.876 3.132 
665 312 217.531 2.320E+05 56.553 3.153 
666 312 232.778 1.763E+05 33.706 3.162 
667 312 19.904 2.165E+05 45.002 3.344 
668 312 177.654 1.597E+05 40.662 3.366 
669 312 352.997 1.503E+05 35.885 3.473 
670 318 110.214 8.282E+04 23.971 0.899 
671 318 287.317 1.759E+05 50.962 1.287 
672 318 198.765 1.293E+05 33.698 1.383 
673 318 113.733 3.685E+05 67.927 1.472 
674 318 119.597 1.387E+05 28.831 1.545 
675 318 203.457 2.007E+05 38.382 1.602 
676 318 131.326 8.036E+04 22.602 1.773 
677 318 149.505 1.054E+05 32.481 1.970 
678 318 94.967 8.040E+04 19.579 2.026 
679 318 340.682 7.985E+04 23.824 2.410 
680 318 346.546 8.758E+04 23.37 2.827 
681 318 318.984 6.024E+04 16.935 2.980 
682 318 174.135 1.918E+05 47.771 3.388 












684 324 101.418 2.428E+05 55.031 1.203 
685 324 253.890 1.011E+05 23.804 1.520 
686 324 263.859 1.742E+05 39.482 1.638 
687 324 181.759 2.240E+05 52.775 1.697 
688 324 55.676 4.200E+04 12.747 1.773 
689 324 325.435 1.648E+05 37.355 2.362 
690 324 322.502 1.117E+05 25.776 2.400 
691 324 249.199 5.122E+04 15.058 2.726 
692 324 329.540 1.679E+05 32.946 2.838 
693 324 50.398 9.301E+04 21.463 3.789 
694 324 360.620 1.569E+05 36.282 341.743 
695 330 287.317 3.862E+05 62.551 0.760 
696 330 66.232 6.168E+04 16.792 1.209 
697 330 198.179 2.027E+05 45.981 1.377 
698 330 302.564 9.153E+04 19.637 1.477 
699 330 153.024 2.886E+05 66.774 1.741 
700 330 180.000 1.044E+05 23.665 1.805 
701 330 342.441 1.153E+05 24.333 1.812 
702 330 168.271 6.933E+04 17.474 1.984 
703 330 136.017 3.150E+05 57.606 2.204 
704 330 299.045 1.032E+05 22.951 2.222 
705 330 335.990 2.334E+05 38.557 2.226 
706 330 35.738 1.149E+05 26.559 2.259 
707 330 46.293 1.041E+05 22.347 2.399 
708 330 12.867 8.192E+04 20.18 2.663 
709 330 59.195 1.013E+05 25.539 2.671 
710 330 39.843 2.637E+05 55.678 3.047 
711 330 90.862 1.143E+05 25.9 3.600 
712 330 157.715 1.571E+05 40.624 3.707 
713 330 275.001 1.822E+05 37.252 3.709 
714 336 235.711 4.276E+05 58.703 1.014 
715 336 80.893 1.874E+05 49.719 1.355 
716 336 349.478 1.767E+05 29.479 1.480 
717 336 131.912 1.000E+05 23.598 1.597 
718 336 114.319 1.395E+05 32.26 1.662 
719 336 355.343 2.920E+05 68.94 1.684 
720 336 54.503 8.058E+04 21.36 1.757 












722 336 225.741 7.255E+04 17.474 1.925 
723 336 228.087 6.618E+04 16.681 1.985 
724 336 126.048 1.544E+05 37.224 2.111 
725 336 147.159 8.689E+04 22.452 2.306 
726 336 72.683 6.980E+04 19.007 2.641 
727 336 8.762 1.048E+05 27.795 2.920 
728 336 4.657 1.423E+05 37.743 3.467 
729 342 66.232 1.451E+05 29.746 0.766 
730 342 253.304 1.481E+05 25.185 1.235 
731 342 209.321 1.459E+05 41.64 1.271 
732 342 99.072 9.098E+04 25.951 1.378 
733 342 123.116 4.690E+05 85.762 1.476 
734 342 263.859 1.156E+05 27.512 1.541 
735 342 94.381 3.913E+05 73.452 1.679 
736 342 260.927 2.984E+05 50.782 1.825 
737 342 42.775 2.202E+05 47.502 2.104 
738 342 183.518 2.691E+05 60.267 2.204 
739 342 309.014 1.547E+05 26.913 2.305 
740 342 62.713 1.669E+05 29.383 2.476 
741 342 357.102 9.931E+04 24.724 2.504 
742 342 162.993 5.100E+04 14.533 2.515 
743 342 314.292 1.648E+05 31.35 2.725 
744 342 282.625 5.801E+04 16.535 3.648 
745 348 81.479 2.231E+05 35.081 0.730 
746 348 292.594 1.678E+05 38.898 1.337 
747 348 14.626 1.453E+05 35.239 1.433 
748 348 324.848 1.553E+05 29.596 1.548 
749 348 56.849 1.131E+05 22.211 1.553 
750 348 76.201 2.384E+05 49.217 1.654 
751 348 108.455 2.049E+05 39.072 1.749 
752 348 133.672 9.716E+04 21.589 1.784 
753 348 143.054 9.658E+04 22.879 2.236 
754 348 33.392 4.232E+05 70.96 2.711 
755 348 20.490 4.792E+05 84.285 2.789 
756 348 269.724 2.174E+05 38.708 2.843 
757 348 206.389 4.675E+04 12.583 3.262 
758 354 99.659 4.110E+05 70.748 0.844 












760 354 301.391 1.969E+05 30.583 1.379 
761 354 44.534 2.943E+05 48.005 1.424 
762 354 7.002 5.040E+05 74.93 1.454 
763 354 355.343 1.006E+05 22.946 1.855 
764 354 285.557 5.131E+04 12.188 2.566 
765 354 346.546 3.725E+05 68.104 2.704 
766 354 278.520 5.021E+05 94.279 2.869 
767 354 195.247 1.974E+05 35.619 2.952 
768 354 159.475 7.736E+04 18.81 3.206 
769 360 292.008 4.531E+04 12.499 1.291 
770 360 72.683 6.564E+04 18.647 1.524 
771 360 13.453 1.800E+05 39.878 1.715 
772 360 121.943 3.027E+05 61.795 1.728 
773 360 323.089 2.758E+05 50.507 1.796 
774 360 235.711 2.827E+05 51.161 1.977 
775 360 170.617 1.186E+05 22.853 2.528 
776 360 152.437 1.147E+05 28.654 2.839 
777 360 179.413 9.030E+04 21.596 2.921 
778 360 341.855 1.889E+05 47.237 3.113 
779 366 110.801 3.554E+05 69.458 1.073 
780 366 147.746 2.281E+05 58.583 1.280 
781 366 76.788 1.434E+05 32.057 1.526 
782 366 224.568 1.056E+05 22.827 2.033 
783 366 251.544 8.196E+04 16.204 2.246 
784 366 105.523 2.069E+05 40.409 2.447 
785 366 183.518 7.900E+04 21.809 2.451 
786 366 140.709 2.893E+05 65.853 2.767 
787 366 266.205 8.567E+04 19.835 2.938 
788 366 137.777 5.162E+05 113.552 2.991 
789 366 349.478 8.762E+04 23.009 3.172 
790 366 144.814 1.226E+05 34.796 3.246 
791 372 303.150 4.738E+04 13.769 1.079 
792 372 72.096 9.490E+04 28.416 1.616 
793 372 189.969 2.027E+05 42.941 1.640 
794 372 24.595 1.536E+05 33.017 1.747 
795 372 209.908 1.642E+05 39.022 1.805 
796 372 280.866 2.027E+05 53.375 1.968 












798 372 4.070 9.448E+04 22.442 2.443 
799 372 119.597 7.980E+04 21.491 2.778 
800 372 320.157 5.258E+04 13.232 3.058 
801 372 90.276 3.317E+05 66.477 3.371 
802 372 116.079 1.410E+05 33.51 3.446 
803 378 148.332 1.747E+05 42.391 0.957 
804 378 111.974 2.930E+05 68.624 1.513 
805 378 283.798 5.309E+04 14.945 2.331 
806 378 181.759 5.832E+04 18.364 2.536 
807 378 358.861 4.486E+04 14.581 2.582 
808 378 133.672 6.683E+04 17.551 2.678 
809 378 130.153 5.575E+04 16.106 3.252 
810 378 175.895 8.322E+04 20.968 3.927 
811 384 303.737 8.068E+04 17.962 1.216 
812 384 63.300 2.861E+05 44.748 1.588 
813 384 261.514 1.899E+05 32.881 1.887 
814 384 77.961 6.415E+04 20.204 2.046 
815 384 163.580 6.550E+04 17.201 2.239 
816 384 68.578 1.436E+05 29.357 2.545 
817 384 1.725 6.155E+04 15.499 2.654 
818 390 183.518 2.192E+05 37.557 0.381 
819 390 23.423 1.892E+05 45.453 0.987 
820 390 223.982 5.841E+05 112.691 1.298 
821 390 188.796 1.889E+05 39.642 1.368 
822 390 211.080 1.068E+05 26.097 1.486 
823 390 280.279 6.213E+04 15.165 1.563 
824 390 201.698 1.140E+05 26.056 1.856 
825 390 192.901 3.500E+05 63.413 2.232 
826 390 206.975 9.650E+04 23.164 2.363 
827 390 199.352 9.580E+04 26.407 2.514 
828 390 96.726 3.440E+05 56.977 2.713 
829 390 214.013 7.255E+04 21.512 2.718 
830 390 232.778 1.805E+05 36.904 2.936 
831 390 197.006 5.888E+04 19.645 3.446 
832 390 218.118 7.906E+04 20.856 3.827 
833 390 295.527 1.344E+05 32.271 4.243 
834 396 138.949 1.975E+05 39.408 1.760 












836 396 284.384 7.326E+04 22.839 2.332 
837 396 75.615 1.169E+05 34.601 2.764 
838 396 288.489 2.963E+05 55.468 3.370 
839 396 240.402 7.713E+04 18.027 3.697 
840 396 326.021 2.380E+05 48.048 4.297 
841 396 50.398 5.324E+04 14.071 6.310 
842 402 24.009 1.112E+05 31.281 1.231 
843 402 184.105 1.143E+05 33.66 1.381 
844 402 146.573 1.200E+05 26.615 1.821 
845 402 270.896 7.582E+04 23.462 2.276 
846 402 123.116 1.946E+05 38.313 2.496 
847 402 358.275 1.688E+05 52.276 2.861 
848 402 16.972 8.070E+04 24.342 4.801 
849 408 223.982 9.166E+04 21.522 0.931 
850 408 163.580 1.036E+05 26.813 1.762 
851 408 277.347 9.705E+04 21.846 1.971 
852 408 155.370 3.304E+05 68.268 2.151 
853 408 128.394 1.620E+05 39.234 2.586 
854 408 12.867 1.646E+05 46.032 3.113 
855 408 266.791 6.476E+04 20.338 3.177 
856 414 262.100 5.809E+04 15.769 2.116 
857 414 269.137 2.630E+05 72.939 2.128 
858 414 208.148 5.783E+04 14.863 2.133 
859 414 202.284 2.745E+05 64.331 2.484 
860 414 79.720 1.108E+05 27.131 2.964 
861 420 182.345 4.643E+04 13.509 2.652 
862 420 9.935 4.345E+04 12.639 2.898 
863 426 284.971 6.256E+05 111.741 0.786 
864 426 297.872 2.778E+05 64.212 1.221 
865 426 291.422 1.731E+05 51.873 1.240 
866 426 300.218 8.103E+04 29.4 1.448 
867 426 306.082 1.755E+05 40.013 1.462 
868 426 308.428 1.318E+05 33.26 1.657 
869 426 314.292 1.217E+05 29.781 1.864 
870 426 165.925 9.135E+04 23.429 2.411 
871 426 136.017 3.032E+05 68.273 2.417 
872 426 133.085 6.354E+04 19.023 3.014 












874 432 161.820 8.800E+04 22.635 1.816 
875 432 156.542 2.662E+05 67.423 1.897 
876 432 253.890 2.584E+05 51.538 3.001 
877 432 144.227 5.487E+04 18.214 3.154 
878 438 300.218 1.738E+05 45.555 0.761 
879 438 263.859 8.910E+05 134.935 0.779 
880 438 261.514 6.860E+05 109.708 0.999 
881 438 292.008 1.480E+05 41.782 1.017 
882 438 283.212 4.234E+05 81.382 1.096 
883 438 246.853 1.376E+05 28.321 1.224 
884 438 248.612 8.390E+04 22.369 1.641 
885 438 296.113 1.078E+05 29.824 1.913 
886 438 280.866 2.366E+05 59.062 2.174 
887 438 147.159 2.249E+05 49.004 2.209 
888 438 277.347 2.841E+05 63.439 2.418 
889 438 289.076 1.258E+05 37.859 2.536 
890 438 330.126 7.898E+04 28.777 2.945 
891 438 273.829 2.056E+05 48.373 3.373 
892 444 327.780 1.947E+05 45.822 1.584 
893 444 323.089 1.055E+05 38.456 1.609 
894 444 212.840 8.528E+04 18.563 2.031 
895 444 332.472 9.585E+04 28.847 2.330 
896 450 312.533 4.490E+05 72.755 1.031 
897 450 321.916 1.503E+05 48.709 1.365 
898 450 155.370 2.359E+05 56.318 1.675 
899 450 316.052 3.343E+05 72.871 1.849 
900 450 160.061 6.007E+04 17.669 2.458 
901 450 127.221 1.323E+05 33.537 3.699 
902 456 137.190 2.194E+05 41.787 1.951 
903 462 194.660 1.140E+05 26.448 1.779 
904 468 321.916 2.200E+05 64.805 1.836 
905 468 131.326 4.077E+04 12.851 4.505 
906 468 103.764 8.361E+04 23.14 9.680 
907 474 145.400 1.287E+05 46.933 1.309 
908 474 73.269 4.338E+04 12.751 5.752 
909 480 199.938 2.789E+05 62.286 1.110 
910 480 320.157 2.047E+05 53.684 1.172 












912 480 196.420 2.546E+05 69.211 1.409 
913 480 215.772 1.923E+05 43.48 1.441 
914 480 208.735 1.410E+05 44.532 1.460 
915 480 340.095 1.534E+05 34.239 1.626 
916 480 272.656 2.713E+05 63.865 1.722 
917 480 231.019 1.042E+05 28.857 1.820 
918 480 238.056 1.250E+05 28.249 1.930 
919 480 314.292 2.043E+05 46.196 2.064 
920 480 266.791 2.226E+05 59.427 2.170 
921 480 334.817 9.659E+04 31.285 2.200 
922 480 246.266 1.365E+05 40.202 2.309 
923 480 210.494 8.450E+04 29.822 2.326 
924 480 297.286 1.407E+05 36.266 2.427 
925 480 233.365 6.251E+04 20.234 2.515 
926 480 269.724 2.157E+05 68.144 2.539 
927 480 213.426 1.086E+05 34.285 2.585 
928 480 348.892 1.288E+05 28.062 2.748 
929 480 337.163 6.409E+04 21.934 2.927 
930 480 259.754 1.571E+05 45.302 3.295 
931 480 282.625 1.268E+05 34.451 3.312 
932 480 328.367 9.029E+04 24.523 3.330 
933 480 227.501 7.874E+04 25.496 3.351 
934 480 240.988 6.740E+04 24.562 3.370 
935 480 221.050 1.580E+05 37.187 3.432 
936 480 278.520 1.564E+05 37.875 3.471 
937 480 358.275 1.071E+05 25.544 3.905 
938 480 249.785 8.642E+04 31.504 3.953 
939 480 286.730 7.241E+04 26.39 4.856 
940 480 254.476 8.684E+04 31.654 5.536 
941 486 145.400 3.454E+05 69.713 0.695 
942 486 148.332 2.324E+05 53.26 2.403 
943 486 135.431 1.145E+05 29.026 2.613 
944 486 8.762 6.860E+04 20.181 2.743 
945 486 162.993 3.098E+05 65.238 2.953 
946 486 5.830 5.835E+04 17.547 3.070 
947 486 139.536 1.658E+05 38.483 3.139 
948 486 168.271 8.289E+04 23.879 4.738 












950 492 198.179 1.637E+05 44.506 1.518 
951 492 180.000 7.276E+05 136.172 1.890 
952 492 187.037 7.727E+05 140.958 2.238 
953 492 193.488 2.177E+05 55.224 2.533 
954 492 175.895 2.853E+05 73.59 2.695 
955 492 154.783 3.269E+05 69.628 3.025 
956 492 159.475 1.876E+05 49.209 3.820 
957 522 200.525 1.711E+05 41.439 1.448 
958 522 62.127 1.609E+05 50.818 1.820 
959 522 272.656 1.809E+05 48.294 2.314 
960 522 191.728 8.438E+04 26.633 2.367 
961 522 262.100 2.010E+05 57.963 2.562 
962 522 217.531 2.227E+05 52.434 2.567 
963 522 112.560 1.803E+05 49.005 2.733 
964 522 290.835 1.644E+05 45.536 2.804 
965 522 307.255 2.877E+05 86.655 3.079 
966 522 325.435 9.475E+04 33.444 3.112 
967 522 232.192 3.288E+05 101.378 3.192 
968 522 225.155 8.728E+04 30.806 3.225 
969 522 65.059 8.120E+04 29.598 3.315 
970 522 136.604 8.203E+04 26.563 3.343 
971 522 70.337 1.775E+05 43 3.506 
972 522 298.459 7.583E+04 26.759 3.508 
973 522 331.885 7.470E+04 25.571 3.554 
974 522 280.866 1.915E+05 56.412 3.709 
975 522 235.711 2.266E+05 73.455 3.771 
976 522 285.557 7.319E+04 23.697 3.857 
977 522 346.546 3.105E+05 95.716 3.986 
978 522 354.170 1.494E+05 46.049 4.076 
979 522 211.667 1.976E+05 69.787 4.103 
980 522 93.794 1.206E+05 36.313 5.024 
981 522 130.153 4.674E+05 160.196 5.025 
982 522 119.011 3.121E+05 113.853 5.171 
983 522 84.998 1.371E+05 50.001 6.367 















1 6 43.361 6.253E+04 18.03 2.39 
2 6 63.300 2.086E+05 49.17 4.32 
3 6 155.956 1.044E+05 20.06 1.56 
4 6 174.722 9.986E+04 28.81 4.37 
5 6 211.667 7.136E+04 21.25 3.49 
6 6 285.557 3.898E+04 10.04 7.22 
7 6 295.527 1.900E+05 51.72 10.34 
8 6 313.706 3.390E+04 10.08 3.5 
9 6 336.577 2.645E+05 53.98 4.38 
10 12 76.788 2.485E+05 54.52 4.56 
11 12 96.140 2.317E+05 49.99 1.46 
12 12 100.245 2.193E+05 47.31 1.39 
13 12 136.604 8.564E+04 18.46 3.28 
14 12 144.227 7.355E+04 15.36 3.19 
15 12 151.265 3.608E+05 66.9 4.03 
16 12 204.630 2.897E+05 55.03 1.87 
17 12 229.260 1.700E+05 43.53 7.74 
18 12 275.588 6.750E+04 15.03 2.73 
19 18 82.066 7.733E+04 18.2 5.3 
20 18 106.696 7.948E+04 17.13 3.25 
21 18 111.974 1.387E+05 26.33 3.42 
22 18 180.586 4.663E+04 11.41 3.12 
23 18 238.056 2.453E+05 50.53 3.16 
24 18 246.853 3.668E+05 67.21 3.02 
25 18 306.669 2.503E+05 50.12 2.22 
26 18 355.343 3.952E+04 10.86 2.73 
27 18 358.275 2.000E+05 47.12 2.1 
28 24 5.830 1.390E+05 25.22 1.91 
29 24 44.534 2.389E+05 48.87 1.93 
30 24 128.980 6.701E+04 19.64 2.06 
31 24 260.927 4.341E+04 11.76 2.18 
32 24 346.546 2.528E+05 45.4 2.17 
33 30 16.972 2.305E+05 59.82 2 
34 30 59.781 9.694E+04 19.81 2.74 
35 30 95.554 1.286E+05 24.11 0.91 
36 30 100.245 7.466E+04 17.86 1.61 












38 30 157.715 2.694E+05 53.02 2.96 
39 30 198.179 8.632E+04 26.04 1.42 
40 30 214.013 6.392E+04 15.89 3.03 
41 30 309.014 1.991E+05 46.82 2.59 
42 30 316.052 2.253E+05 46.73 3.05 
43 36 8.175 1.009E+05 28.8 1.97 
44 36 18.731 1.343E+05 34.11 2.19 
45 36 22.250 5.456E+04 13.84 3.43 
46 36 38.670 7.606E+04 14.94 1.24 
47 36 189.383 1.937E+05 35.54 4.03 
48 36 205.216 2.291E+05 40.32 1.45 
49 36 263.273 8.216E+04 24.78 2.95 
50 36 267.964 1.132E+05 25.7 2.44 
51 36 304.909 7.738E+04 19.24 2.31 
52 36 331.299 1.805E+05 35.52 4.5 
53 36 357.102 4.120E+04 13.21 2.15 
54 42 11.694 1.077E+05 27.34 2.82 
55 42 55.090 8.079E+04 16.29 1.74 
56 42 128.980 4.674E+04 12.67 1.67 
57 42 161.820 1.143E+05 29.01 2.1 
58 42 177.654 6.303E+04 16.33 2.52 
59 42 198.765 1.977E+05 35.51 0.88 
60 42 259.754 1.943E+05 46.53 2.21 
61 42 273.242 8.098E+04 18.69 2.5 
62 48 45.707 3.930E+04 10.91 2.75 
63 48 70.337 9.582E+04 22.93 1.5 
64 48 94.967 1.649E+05 37.47 1.34 
65 48 119.597 6.634E+04 16.49 2.01 
66 48 134.258 1.766E+05 41.54 3.93 
67 48 168.857 2.077E+05 41.38 2.05 
68 48 175.308 7.641E+04 19 2.11 
69 48 216.358 9.228E+04 17.1 1.62 
70 48 249.199 2.657E+05 55.11 3.42 
71 48 253.304 1.861E+05 49.37 1.28 
72 48 265.619 9.413E+04 23.9 2.94 
73 48 324.262 1.124E+05 23.97 2.09 
74 48 352.410 5.827E+04 14.2 2.4 












76 54 8.175 1.774E+05 46.04 1.77 
77 54 16.385 2.398E+05 60.91 2.64 
78 54 38.083 1.997E+05 46.14 1.94 
79 54 62.713 7.516E+04 19.07 3.87 
80 54 101.418 5.723E+04 14.83 0.75 
81 54 109.041 3.020E+05 59.44 1.87 
82 54 123.702 5.985E+04 15.86 4.2 
83 54 141.882 4.857E+04 11.4 3.18 
84 54 151.265 7.872E+04 18.49 2.99 
85 54 234.538 1.150E+05 29.19 2.69 
86 54 238.056 1.127E+05 27.5 3.52 
87 54 321.916 1.109E+05 29.42 2.95 
88 54 348.305 1.337E+05 24.51 1.93 
89 60 4.657 9.077E+04 27.38 5.1 
90 60 13.453 1.459E+05 41.64 1.76 
91 60 25.768 1.455E+05 27.93 2.37 
92 60 71.510 1.858E+05 51.71 1.98 
93 60 78.547 1.197E+05 23.53 1.05 
94 60 96.140 7.824E+04 20.28 1.09 
95 60 156.542 2.490E+05 55.65 1.23 
96 60 162.993 1.808E+05 38.03 1.83 
97 60 167.098 4.791E+04 13.65 1.61 
98 60 185.278 1.400E+05 34.16 5.07 
99 60 253.304 1.412E+05 30.57 0.87 
100 60 305.496 1.014E+05 22.3 2.3 
101 60 310.774 1.248E+05 27.44 1.98 
102 66 54.503 1.873E+05 33.18 1.25 
103 66 73.856 2.814E+05 74.99 2.36 
104 66 102.004 6.891E+04 17.95 1 
105 66 118.424 2.047E+05 44.21 1.61 
106 66 127.807 6.111E+04 16.26 2.31 
107 66 225.155 2.406E+05 60.3 3.1 
108 66 271.483 2.326E+05 52.55 2.75 
109 66 315.465 1.589E+05 33.83 3.02 
110 66 354.170 1.321E+05 27.73 2.17 
111 72 40.429 1.350E+05 28.42 1.21 
112 72 80.306 1.042E+05 26.68 2 












114 72 137.190 2.740E+05 51.77 1.31 
115 72 157.129 2.383E+05 58.78 1.24 
116 72 173.549 4.660E+04 12.42 1.96 
117 72 176.481 5.448E+04 14.53 2.84 
118 72 200.525 1.975E+05 41.6 3.4 
119 72 221.050 1.197E+05 31.96 2.27 
120 72 276.174 2.460E+05 51.13 3.44 
121 78 13.453 1.807E+05 42.98 1.64 
122 78 35.151 2.461E+05 61.85 1.58 
123 78 86.757 1.516E+05 33.3 2.18 
124 78 144.814 1.830E+05 31.6 2.21 
125 78 153.610 1.108E+05 29.59 3.53 
126 78 204.630 1.567E+05 40.15 2.99 
127 78 209.321 5.901E+04 15.1 2.24 
128 78 231.606 7.054E+05 126.63 2.13 
129 78 235.124 2.186E+05 52.93 2.56 
130 78 244.507 2.433E+05 51.96 4.91 
131 78 309.601 4.058E+04 11.6 1.55 
132 84 24.009 8.375E+04 18.95 2.64 
133 84 95.554 3.488E+05 66.65 1.81 
134 84 117.252 1.608E+05 32.98 1.53 
135 84 197.006 8.460E+04 17.34 2.06 
136 84 218.704 4.737E+04 14.28 3.4 
137 84 222.809 4.873E+04 13 2.04 
138 84 252.717 3.379E+05 66.04 1.29 
139 84 263.859 2.048E+05 48.72 3.39 
140 90 36.324 2.128E+05 60.99 1.79 
141 90 41.015 1.093E+05 24 1.33 
142 90 59.781 8.491E+04 17.63 1.89 
143 90 83.825 2.575E+05 60.26 2.84 
144 90 89.689 3.347E+05 66.2 2.2 
145 90 136.017 7.505E+04 22.04 1.73 
146 90 174.135 4.719E+04 13.5 1.84 
147 90 239.816 9.152E+04 20.39 3.29 
148 90 251.544 1.801E+05 41.45 1.59 
149 90 259.754 5.438E+04 12.1 3.14 
150 90 308.428 3.358E+04 9.84 1.85 












152 96 12.280 1.443E+05 22.68 0.9 
153 96 93.208 6.209E+04 19.38 2.67 
154 96 140.709 1.595E+05 36.89 2.54 
155 96 150.092 3.181E+05 50.43 1.96 
156 96 206.975 4.554E+04 13.09 1.74 
157 96 266.791 8.035E+04 18.57 2.49 
158 96 297.286 2.312E+05 52.65 3.95 
159 96 325.435 3.623E+05 67.38 3.65 
160 96 353.583 1.936E+05 42.14 2.51 
161 102 33.392 6.025E+04 17.78 2.82 
162 102 52.744 3.201E+05 56.65 2.88 
163 102 64.473 2.353E+05 59.45 4.46 
164 102 69.751 6.968E+04 16.64 3.44 
165 102 128.980 6.672E+04 17.17 2.75 
166 102 232.778 6.811E+04 20.11 1.58 
167 102 293.767 2.466E+05 63.54 2.93 
168 102 348.305 1.543E+05 35.69 3.97 
169 108 57.436 7.702E+04 17.25 2.15 
170 108 73.856 6.987E+04 16.69 2.88 
171 108 103.177 6.158E+04 17.72 1.58 
172 108 111.387 9.203E+04 22.8 2.12 
173 108 136.017 1.501E+05 34.16 1.3 
174 108 175.308 6.440E+04 15.94 1.71 
175 108 188.210 5.445E+04 12.57 3.13 
176 108 204.043 1.066E+05 25.94 2.94 
177 108 301.391 1.231E+05 31.08 4.79 
178 108 338.922 1.333E+05 29 3.81 
179 114 19.317 2.439E+05 57.36 2.49 
180 114 37.497 2.082E+05 42.39 1.9 
181 114 77.961 1.062E+05 23.79 3.22 
182 114 99.072 2.867E+05 56.32 2.63 
183 114 198.765 4.160E+05 79.9 1.18 
184 114 207.562 2.399E+05 53.8 1.79 
185 114 233.951 1.903E+05 39.76 1.36 
186 114 269.724 2.478E+05 63.85 2.31 
187 114 278.520 1.370E+05 34.61 4.87 
188 120 90.276 1.737E+05 38.94 1.38 












190 120 168.271 5.306E+04 14.89 5.14 
191 120 267.964 2.880E+05 89.99 2.34 
192 120 362.966 2.220E+05 47.87 1.75 
193 126 14.626 1.055E+05 29.49 3.7 
194 126 33.392 1.518E+05 34.14 2.18 
195 126 49.225 8.850E+04 17.89 2.75 
196 126 103.177 6.722E+04 20.21 1.84 
197 126 126.634 2.753E+05 52.67 1.69 
198 126 199.352 3.537E+05 62.01 0.77 
199 126 266.205 1.266E+05 33.21 2.44 
200 126 292.594 2.228E+05 39.76 1.8 
201 132 17.558 1.349E+05 44.98 2.49 
202 132 67.405 2.104E+05 54.03 3.63 
203 132 158.302 6.151E+04 14.05 2.33 
204 132 191.142 2.240E+05 47.26 3.14 
205 132 210.494 6.924E+04 18.83 3.26 
206 132 236.297 2.657E+05 60.79 2.31 
207 138 19.317 1.492E+05 39.8 2.12 
208 138 29.873 6.528E+04 18.14 2.07 
209 138 58.022 4.482E+04 14.92 1.37 
210 138 70.923 9.679E+04 25.81 2.29 
211 138 90.862 5.475E+04 17.69 1.98 
212 138 108.455 4.065E+05 89.19 1.65 
213 138 111.974 2.248E+05 56.67 2.71 
214 138 152.437 2.401E+05 39.73 2.27 
215 138 174.722 9.095E+04 21.43 2.04 
216 138 215.186 2.044E+05 49.79 1.77 
217 138 269.724 7.599E+04 17.9 1.5 
218 138 305.496 9.570E+04 22.55 4.46 
219 138 318.984 2.044E+05 32.58 2.59 
220 138 363.553 2.096E+05 41.22 1.35 
221 144 73.856 8.008E+04 21.79 2.92 
222 144 117.252 2.377E+05 51.45 1.36 
223 144 123.702 4.358E+05 98.31 2.4 
224 144 253.890 1.196E+05 26.94 1.95 
225 150 28.114 2.245E+05 55.63 2.1 
226 150 32.805 3.871E+04 11.52 2.55 












228 150 84.411 1.957E+05 43.5 4.8 
229 150 127.221 1.178E+05 33.5 2.52 
230 150 161.820 8.287E+04 18.15 2.94 
231 150 207.562 1.207E+05 26.83 2.94 
232 150 238.643 8.969E+04 24.41 2.52 
233 150 330.126 1.251E+05 32.1 6.31 
234 156 25.768 5.557E+04 18.51 2.76 
235 156 41.015 1.924E+05 40.58 4.32 
236 156 97.313 4.297E+04 14.78 2.16 
237 156 108.455 1.403E+05 41.84 1.67 
238 156 141.882 2.194E+05 42.7 1.35 
239 156 180.586 1.409E+05 38.36 6.43 
240 156 214.599 1.914E+05 42.55 1.57 
241 156 236.297 8.570E+04 20.19 1.48 
242 156 248.612 2.290E+05 47.14 4.67 
243 156 284.384 4.644E+04 13.83 2.12 
244 156 323.089 5.352E+04 14.86 4.07 
245 156 338.922 1.836E+05 43.29 3.22 
246 162 69.751 2.314E+05 59.42 2.62 
247 162 99.072 1.182E+05 30.92 1.68 
248 162 117.838 1.014E+05 30.24 1.93 
249 162 171.203 4.929E+04 12.87 2.43 
250 162 228.673 2.186E+05 59.55 4.71 
251 162 296.699 6.597E+04 16.91 3.68 
252 162 350.065 1.501E+05 33.36 4.44 
253 168 110.801 2.573E+05 55.7 2.14 
254 168 123.702 8.592E+04 19.08 1.3 
255 168 138.363 4.768E+04 15.4 3.54 
256 168 155.370 1.085E+05 24.81 2.51 
257 168 189.969 9.496E+04 23.11 2.03 
258 168 253.890 8.607E+04 19.39 1.17 
259 168 282.625 1.965E+05 52.43 2.3 
260 168 310.774 4.362E+04 11.17 4.09 
261 174 20.490 7.144E+04 20.78 3.83 
262 174 65.059 8.369E+04 20.03 4.4 
263 174 141.882 1.240E+05 29.71 1.55 
264 174 150.678 2.791E+05 64.83 2.76 












266 174 197.006 1.914E+05 46.62 3.84 
267 174 200.525 3.688E+04 12.28 4.29 
268 174 343.027 1.758E+05 38.04 2 
269 180 46.293 6.215E+04 14.41 2.9 
270 180 56.849 1.515E+05 26.08 2.02 
271 180 73.269 1.191E+05 28.07 2.68 
272 180 78.547 7.018E+04 20.41 0.97 
273 186 15.799 1.255E+05 26.66 4.38 
274 186 24.009 1.647E+05 35.97 1.81 
275 186 99.659 2.655E+05 44.56 1.31 
276 186 120.770 1.405E+05 27.45 1.13 
277 186 125.462 6.960E+04 17.54 1.69 
278 186 170.030 8.819E+04 18.03 1.94 
279 186 175.308 9.893E+04 19.76 2.37 
280 186 217.531 1.101E+05 25.49 1.2 
281 186 239.816 1.072E+05 25.63 3.13 
282 186 253.890 2.656E+05 58.85 1.46 
283 186 265.619 1.494E+05 28.87 3.2 
284 186 300.218 1.487E+05 27.28 1.7 
285 186 340.682 1.481E+05 33.3 2.25 
286 186 354.170 7.398E+04 20.2 2.67 
287 192 37.497 1.551E+05 27.42 2.64 
288 192 79.133 3.791E+05 73.63 1.12 
289 192 89.103 2.377E+05 57.86 3.12 
290 192 92.621 7.868E+04 23.23 3.29 
291 192 204.043 3.709E+04 10.93 4.51 
292 192 210.494 6.119E+04 15.74 3.23 
293 192 216.358 8.742E+04 20.2 1.13 
294 192 236.297 4.720E+04 13.57 3.51 
295 192 243.921 1.131E+05 22.47 3.17 
296 192 271.483 4.566E+04 13.47 4.58 
297 192 362.380 2.396E+05 52.01 5.05 
298 198 148.919 2.022E+05 44.53 2.74 
299 198 154.197 4.169E+04 13.8 4.09 
300 198 286.730 6.752E+04 14.63 2.79 
301 204 7.002 2.184E+05 53.01 6.61 
302 204 24.595 1.073E+05 26.5 1.5 












304 204 120.184 1.597E+05 35.17 1.56 
305 204 162.993 1.068E+05 24.63 3.85 
306 204 228.673 1.509E+05 31.02 1.28 
307 204 308.428 1.625E+05 30.12 3.27 
308 210 101.418 6.493E+04 21.51 2.02 
309 210 116.665 1.039E+05 29.09 1.4 
310 210 130.739 2.738E+05 59.44 3.96 
311 210 137.190 1.714E+05 36.68 3.66 
312 210 157.129 8.225E+04 22.5 3.57 
313 210 214.599 1.144E+05 32.05 2.31 
314 210 255.649 8.145E+04 14.77 1.72 
315 210 280.279 2.192E+05 49.01 3.37 
316 210 298.459 1.039E+05 18.85 1.24 
317 210 354.756 2.973E+05 67.52 2.03 
318 216 67.405 1.941E+05 43.31 4.34 
319 216 193.488 1.839E+05 36.69 3.07 
320 216 212.840 1.221E+05 29.65 1.98 
321 216 301.977 2.263E+05 45.74 2.57 
322 222 80.893 1.932E+05 37.72 1.27 
323 222 103.177 2.333E+05 50.04 1.42 
324 222 115.492 5.193E+05 84.59 0.86 
325 222 180.000 1.789E+05 41.55 3.22 
326 222 199.938 1.573E+05 28.69 3.16 
327 222 227.501 9.018E+04 19.61 1.63 
328 222 267.964 8.706E+04 17.88 2.41 
329 222 322.502 3.162E+05 66.85 3.04 
330 222 337.750 1.817E+05 36.85 2.75 
331 228 26.941 6.138E+04 17.46 3.48 
332 228 34.565 1.165E+05 21.62 1.41 
333 228 92.621 2.253E+05 53.31 3.28 
334 228 108.455 2.981E+05 69.35 1.67 
335 228 123.116 8.384E+04 22.75 2.16 
336 228 145.400 9.740E+04 29.23 2.47 
337 228 174.135 6.840E+04 15.38 1.3 
338 228 236.883 1.537E+05 33.56 3.17 
339 228 259.168 6.089E+04 14.38 0.95 
340 228 328.367 2.545E+05 54.8 3.06 












342 234 43.361 1.176E+05 30.01 2.83 
343 234 126.634 7.353E+04 19.59 2.28 
344 234 143.641 9.279E+04 28.13 2.36 
345 234 206.389 1.521E+05 32.14 2.73 
346 234 245.093 6.370E+04 14.52 2.12 
347 234 265.032 1.273E+05 29.56 3.45 
348 234 275.588 2.171E+05 49.58 2.73 
349 240 31.046 4.990E+04 13.93 2.7 
350 240 81.479 7.751E+04 21.66 2.15 
351 240 86.171 4.505E+04 13.26 4.16 
352 240 175.895 6.231E+04 16.59 1.7 
353 240 210.494 2.815E+05 58.69 2.83 
354 240 259.168 9.757E+04 20.91 0.92 
355 240 333.058 2.349E+05 47.65 3.76 
356 246 35.738 1.595E+05 30.78 1.58 
357 246 46.880 2.689E+05 57.68 3.45 
358 246 79.133 7.688E+04 21.48 2.89 
359 246 101.418 1.678E+05 34.97 1.86 
360 246 109.041 8.318E+04 23.25 1.57 
361 246 147.159 3.688E+05 77.99 1.6 
362 246 162.993 3.409E+05 60.31 1.63 
363 246 195.833 5.985E+04 14.66 1.62 
364 246 277.934 1.362E+05 27.26 1.31 
365 246 283.212 1.213E+05 22.6 2.92 
366 246 324.848 4.476E+05 70 1.45 
367 252 16.972 1.218E+05 22.94 3.94 
368 252 39.843 5.866E+04 15.99 4.28 
369 252 96.726 6.949E+04 18.1 3.75 
370 252 111.387 1.304E+05 25.45 1.27 
371 252 123.116 1.044E+05 28.46 2.57 
372 252 181.172 2.030E+05 40.65 1.56 
373 252 187.623 2.444E+05 55.82 1.26 
374 252 203.457 1.041E+05 29.09 2.35 
375 252 247.439 5.895E+04 13.01 2.47 
376 252 268.551 2.172E+05 34.77 1.34 
377 252 312.533 1.426E+05 26.56 2.41 
378 258 127.221 4.160E+05 76.74 1.74 












380 258 242.748 1.169E+05 22.01 1.95 
381 258 294.354 6.360E+04 16.39 1.56 
382 258 305.496 9.995E+04 24.3 2.13 
383 264 32.219 5.036E+04 12.23 1.97 
384 264 43.948 2.417E+05 58.81 3.36 
385 264 65.646 8.867E+04 20.11 2.86 
386 264 103.177 1.110E+05 24.04 1.28 
387 264 109.041 1.345E+05 32.71 1.33 
388 264 133.085 1.729E+05 37.48 1.23 
389 264 147.159 6.095E+04 16.79 1.75 
390 264 150.678 5.016E+04 14.52 1.23 
391 264 164.752 1.965E+05 47.8 2.57 
392 264 182.932 1.292E+05 35.63 2.18 
393 264 196.420 9.429E+04 20.13 1.25 
394 264 205.803 9.972E+04 27.5 2.07 
395 264 220.463 1.094E+05 21.06 3.86 
396 264 237.470 2.362E+05 51.22 1.99 
397 264 288.489 5.756E+04 18.17 1.3 
398 264 290.835 9.254E+04 24.93 2.27 
399 270 6.416 2.818E+05 50.89 2.29 
400 270 55.090 8.840E+04 21.04 2.39 
401 270 116.665 2.135E+05 47.45 4.62 
402 270 187.623 1.968E+05 44.46 1.79 
403 270 202.284 5.624E+04 15.54 2.32 
404 270 239.229 2.024E+05 54.67 2.23 
405 276 151.265 9.329E+04 20.72 1.05 
406 276 207.562 1.691E+05 32.96 1.46 
407 276 287.317 5.122E+04 14.29 1.66 
408 276 293.181 5.536E+04 13.46 1.51 
409 276 302.564 3.783E+04 11.15 3.65 
410 276 343.027 8.030E+04 17.83 1.72 
411 276 351.824 4.419E+04 10.96 1.8 
412 282 62.713 2.530E+05 46.16 3.28 
413 282 100.831 1.576E+05 33.86 1.97 
414 282 133.672 5.214E+04 13.93 1.75 
415 282 142.468 1.579E+05 30.25 3.4 
416 282 305.496 7.882E+04 16.65 1.59 












418 288 24.595 2.307E+05 46.53 2.96 
419 288 110.801 2.882E+05 49.44 1.74 
420 288 158.302 2.882E+05 48.92 2.82 
421 288 199.352 1.740E+05 40.11 3.46 
422 288 259.754 1.755E+05 40.48 4.7 
423 288 268.551 1.222E+05 25.4 1.5 
424 288 309.601 1.435E+05 36.82 3.07 
425 288 312.533 7.909E+04 22.54 4.16 
426 288 358.275 1.577E+05 38.67 1.32 
427 294 7.589 1.962E+05 44.87 2.37 
428 294 55.676 1.006E+05 23.9 2.11 
429 294 171.790 1.215E+05 28.86 3.77 
430 294 247.439 3.762E+05 81.65 4.65 
431 294 342.441 1.456E+05 26.68 1.26 
432 294 352.997 2.858E+05 49.03 1.53 
433 300 102.591 8.366E+04 21.64 2.09 
434 300 168.271 1.363E+05 28.37 3.19 
435 300 202.284 7.402E+04 18.72 2.99 
436 300 287.317 9.979E+04 22.11 1.52 
437 300 358.861 6.883E+04 20.25 1.06 
438 306 4.657 1.757E+05 29.58 1.68 
439 306 9.935 1.248E+05 33.88 1.5 
440 306 14.626 1.047E+05 21.8 3.61 
441 306 21.663 9.482E+04 20.34 2.38 
442 306 121.943 3.473E+05 65.09 1.7 
443 306 145.987 1.217E+05 29.54 1.79 
444 306 151.265 2.164E+05 39.62 1.71 
445 306 178.827 1.445E+05 27.05 2.33 
446 306 192.315 3.689E+05 58.83 2.75 
447 306 206.975 7.243E+04 17.57 2.58 
448 306 267.378 2.196E+05 43.84 1.91 
449 312 54.503 8.448E+04 18.41 1.5 
450 312 88.516 7.909E+04 14.62 2.76 
451 312 183.518 1.855E+05 38.08 3.64 
452 312 187.623 1.594E+05 33.69 3.75 
453 312 256.236 1.532E+05 23.61 1.52 
454 312 304.909 9.829E+04 24.87 3.43 












456 318 44.534 9.016E+04 22.32 2.08 
457 318 110.214 6.989E+04 20.13 3.15 
458 318 144.227 2.703E+05 63 2.1 
459 318 153.024 1.085E+05 21.47 1.2 
460 318 308.428 6.846E+04 19.16 3.78 
461 318 341.268 1.112E+05 26.42 2.63 
462 318 357.102 2.347E+05 47.83 2.24 
463 324 78.547 7.047E+04 16.73 4.95 
464 324 100.245 1.756E+05 32.57 1.77 
465 324 123.116 1.822E+05 36.09 1.53 
466 324 129.567 2.645E+05 55.57 1.81 
467 324 141.882 7.789E+04 23.12 3.42 
468 324 323.675 1.087E+05 25.83 3.93 
469 330 53.331 1.939E+05 38.94 2.08 
470 330 92.035 7.006E+04 16 3.32 
471 330 113.146 5.524E+04 14.66 2.89 
472 330 174.722 2.192E+05 43.41 2.41 
473 330 199.938 9.320E+04 20.55 2.7 
474 330 225.741 1.088E+05 23.6 3.08 
475 330 235.124 7.778E+04 22.4 3.94 
476 330 239.816 1.809E+05 34.87 2.29 
477 330 251.544 4.607E+05 76.68 1.94 
478 330 266.205 1.388E+05 30.61 2.05 
479 330 314.879 2.354E+05 53.85 4.32 
480 336 39.256 2.160E+05 41.65 1.56 
481 336 43.361 1.991E+05 41.83 2.02 
482 336 220.463 6.684E+04 15.26 2.2 
483 336 231.019 1.401E+05 27.74 2.1 
484 336 245.093 1.482E+05 29.76 1.71 
485 336 260.927 1.532E+05 32.17 1.63 
486 336 275.001 1.965E+05 42.63 1.63 
487 336 278.520 6.562E+04 18.89 3.52 
488 342 130.739 1.129E+05 23.7 1.73 
489 342 168.271 9.278E+04 18.62 2.37 
490 342 254.476 1.649E+05 49 1.19 
491 348 49.812 4.859E+04 12.01 2.54 
492 348 109.041 1.738E+05 27.84 1.69 












494 348 140.122 5.879E+04 14.87 2.32 
495 348 273.242 2.407E+05 44.67 0.77 
496 348 282.039 1.618E+05 35.71 2.02 
497 348 284.971 1.231E+05 29.85 1.92 
498 348 289.662 6.917E+04 21.2 3.42 
499 348 294.354 2.017E+05 43.77 2.7 
500 348 299.045 1.084E+05 25.25 2.1 
501 348 302.564 7.624E+04 20.77 2.71 
502 348 306.082 9.130E+04 22.13 1.75 
503 348 345.960 4.103E+04 12.56 1.78 
504 354 38.670 4.663E+04 13.18 1.75 
505 354 176.481 1.140E+05 22.18 1.84 
506 354 181.759 1.931E+05 36.58 1.37 
507 354 184.105 1.443E+05 35.93 2.07 
508 354 189.383 2.493E+05 43.41 2.27 
509 354 254.476 2.636E+05 57.18 0.9 
510 354 318.984 1.253E+05 30.49 2.02 
511 360 41.602 9.330E+04 18.95 1.83 
512 360 63.300 5.291E+04 14.15 4.45 
513 360 89.103 1.142E+05 23.57 4.05 
514 360 192.315 2.768E+05 47.15 2.14 
515 360 195.833 1.212E+05 30.87 3.4 
516 360 198.765 2.303E+05 42.53 1.81 
517 360 201.111 2.835E+05 50.5 1.72 
518 360 205.803 3.257E+05 54.92 2.7 
519 360 211.080 1.193E+05 29.7 1.84 
520 360 212.840 1.237E+05 34.05 2.16 
521 360 214.599 1.383E+05 33.68 1.94 
522 360 218.118 1.176E+05 31.5 2.12 
523 360 219.877 1.229E+05 32.09 2.06 
524 360 221.636 1.804E+05 37.83 1.51 
525 360 228.673 3.191E+05 56.19 2.16 
526 360 242.161 1.508E+05 28.55 1.63 
527 360 244.507 1.133E+05 24.56 1.65 
528 360 259.754 8.209E+04 21.42 1.71 
529 360 265.032 1.008E+05 25.68 0.72 
530 360 325.435 1.270E+05 30.92 1.05 












532 360 333.645 1.228E+05 29.9 1.55 
533 360 338.922 1.684E+05 39.34 1.03 
534 360 347.133 1.153E+05 30.09 0.99 
535 360 353.583 9.302E+04 24.91 1.61 
536 360 360.034 6.209E+04 16.2 301.54 
537 366 5.243 9.513E+04 20.98 0.71 
538 366 14.626 1.769E+05 34.44 0.88 
539 366 151.851 3.615E+05 60.35 2.84 
540 366 235.711 4.178E+05 71.2 1.61 
541 366 309.601 7.757E+05 113.32 1.81 
542 372 133.085 3.509E+05 73.95 2.06 
543 372 155.956 1.734E+05 34.87 2.54 
544 372 257.995 2.227E+05 35.22 0.97 
545 372 262.686 3.147E+05 63.32 1.73 
546 372 265.032 1.468E+05 44.45 1.88 
547 372 267.378 3.392E+05 75.22 2.18 
548 372 271.483 3.889E+05 86.23 2.68 
549 372 276.174 3.356E+05 78.76 2.47 
550 372 278.520 2.798E+05 71.64 2.75 
551 372 280.866 3.570E+05 77.78 2.32 
552 372 286.144 7.145E+05 119.79 1.51 
553 372 297.286 4.935E+05 89.35 2.03 
554 372 300.804 3.513E+05 72.86 2.44 
555 372 303.737 1.976E+05 53.18 2.95 
556 372 306.082 2.483E+05 62.1 2.56 
557 372 337.163 1.947E+05 40.36 1.6 
558 372 342.441 3.949E+05 65.52 1.91 
559 372 345.373 1.072E+05 28.11 2.4 
560 372 348.305 3.313E+05 52.4 0.83 
561 378 5.243 5.145E+05 66.43 0.39 
562 378 15.799 2.302E+05 46.44 1.15 
563 378 26.355 2.098E+05 37.62 3.36 
564 378 33.392 3.456E+05 65.09 2.66 
565 378 38.670 2.632E+05 43.34 1.27 
566 378 43.361 8.770E+04 26.61 3.04 
567 378 48.053 2.164E+05 35.98 2.16 
568 378 51.571 1.102E+05 24.04 2.18 












570 378 79.133 1.873E+05 28.42 1.25 
571 378 103.764 1.261E+05 29.07 3.46 
572 378 108.455 2.943E+05 54.73 2.41 
573 378 130.739 2.104E+05 51.59 2.89 
574 378 172.376 5.219E+04 11.57 2.48 
575 378 232.192 2.642E+05 59.81 2.37 
576 378 289.662 2.219E+05 61.52 2.93 
577 378 292.008 4.165E+05 71.46 1.76 
578 378 316.052 2.909E+05 67.11 3.18 
579 378 319.570 1.919E+05 49.24 2.93 
580 378 324.262 4.559E+05 74.37 1.19 
581 378 327.194 1.180E+05 35.84 3.5 
582 378 330.126 4.501E+05 75.64 1.43 
583 378 335.404 1.542E+05 45.33 1.94 
584 378 355.343 1.556E+05 39 2.37 
585 384 11.107 1.831E+05 40.05 3.43 
586 384 19.317 1.557E+05 36.67 2.3 
587 384 21.663 9.391E+04 28.55 2.95 
588 384 53.917 1.174E+05 27.11 2.09 
589 384 198.765 7.836E+04 20.12 2.62 
590 384 213.426 2.477E+05 56.15 2.65 
591 384 234.538 7.289E+04 19.18 2.58 
592 390 158.302 5.074E+04 13.03 2.71 
593 396 93.208 5.227E+04 14.92 1.63 
594 396 114.906 6.432E+04 16.93 3.5 
595 396 147.159 1.368E+05 25.81 1.53 
596 402 110.214 2.319E+05 49.9 1.35 
597 402 232.778 9.828E+04 23.15 2.5 
598 402 283.212 4.004E+04 11.42 4.16 
599 402 303.150 1.078E+05 18.14 1.57 
600 408 44.534 1.171E+05 21 2.27 
601 408 59.195 2.657E+05 43.26 1.49 
602 408 61.541 9.599E+04 26.3 2.64 
603 408 63.886 6.228E+04 18.09 2.03 
604 408 65.646 1.707E+05 35.65 1.42 
605 408 70.337 2.299E+05 40.77 1.88 
606 408 75.028 1.893E+05 34.79 2.81 












608 408 84.998 1.492E+05 30.66 2.36 
609 408 87.930 1.410E+05 25.28 1.63 
610 408 94.967 1.270E+05 25.69 1.45 
611 408 97.899 1.117E+05 22.95 2.29 
612 408 106.109 1.648E+05 32.38 1.88 
613 408 170.617 1.652E+05 30.36 1.96 
614 408 223.396 1.059E+05 21.75 2.61 
615 408 287.317 2.157E+05 39.66 3.14 
616 414 18.731 1.660E+05 30.01 2.45 
617 414 33.392 1.590E+05 32.03 3.09 
618 414 111.387 1.913E+05 37.45 1 
619 414 175.895 6.472E+04 16.33 5.16 
620 414 182.345 8.706E+04 18.09 2.67 
621 414 186.450 1.246E+05 19.98 2.69 
622 414 191.728 8.969E+04 19.97 1.45 
623 414 193.488 1.042E+05 23.2 1.64 
624 414 197.593 1.360E+05 25.52 2.22 
625 414 245.680 2.999E+05 40.92 2.48 
626 414 328.953 2.195E+05 41.24 3.63 
627 420 124.875 9.229E+04 22.27 3.87 
628 420 141.295 1.912E+05 37.43 5.14 
629 420 147.159 2.125E+05 46.51 2.24 
630 420 279.107 2.688E+05 44.47 3.68 
631 420 324.262 8.293E+04 18.81 3.62 
632 426 133.672 1.732E+05 31.32 3.13 
633 426 149.505 4.980E+04 14.87 3.16 
634 426 254.476 4.674E+05 71.71 3.23 
635 432 79.133 3.290E+05 52.84 1.63 
636 432 88.516 6.457E+04 15.24 2.53 
637 432 236.883 1.754E+05 34.82 4.19 
638 432 291.422 2.461E+05 50.37 4.41 
639 438 85.584 1.437E+05 29.63 2.67 
640 438 105.523 1.119E+05 23.06 2.4 
641 438 169.444 5.345E+04 13.37 2.21 
642 438 205.803 9.656E+04 21.73 2.81 
643 438 208.735 1.057E+05 24.27 1.67 
644 438 210.494 1.081E+05 27.74 1.84 












646 438 218.704 1.646E+05 30.25 2.23 
647 438 224.568 1.961E+05 32.84 1.8 
648 438 228.673 9.494E+04 22.24 2.9 
649 438 231.606 1.121E+05 21.74 2.22 
650 438 250.371 1.516E+05 23.25 2.24 
651 438 319.570 7.110E+04 16.31 2.25 
652 444 48.053 6.488E+04 14.06 2 
653 444 111.974 7.819E+04 22.43 1.05 
654 444 181.759 2.288E+05 42.08 2.26 
655 444 201.111 2.006E+05 28.78 2.24 
656 444 259.168 1.902E+05 31.86 3.79 
657 444 303.737 1.243E+05 20.8 2.91 
658 450 93.208 8.887E+04 18.93 2.05 
659 450 158.888 1.015E+05 19.98 4.41 
660 450 167.685 7.905E+04 19.34 2.21 
661 450 193.488 8.308E+04 21.87 1.03 
662 456 11.107 1.097E+05 21.27 3.15 
663 456 63.300 4.396E+04 11.26 4.58 
664 456 111.974 1.046E+05 22.3 0.75 
665 456 127.221 1.295E+05 28.09 3.7 
666 456 211.080 2.370E+05 50.54 1.91 
667 456 326.021 1.168E+05 27.97 2.94 
668 462 49.225 2.651E+05 44.9 1.62 
669 462 77.961 2.103E+05 45.64 2.82 
670 462 193.488 1.459E+05 26.16 1.04 
671 462 318.397 3.155E+05 54.03 1.73 
672 462 323.089 1.245E+05 25.27 2.63 
673 462 328.367 1.281E+05 25.99 2.13 
674 462 332.472 1.374E+05 27.04 2.37 
675 462 335.404 1.274E+05 28.69 2.39 
676 462 337.750 1.873E+05 38.64 1.68 
677 462 343.027 1.750E+05 31.77 2.02 
678 462 345.960 1.467E+05 25.99 2.22 
679 462 350.651 6.916E+04 18.2 3.53 
680 462 353.583 7.868E+04 19.25 3.24 
681 462 358.275 9.396E+04 19.68 4 
682 468 1.138 7.083E+04 19.54 2.33 












684 468 148.919 5.107E+04 12.98 2 
685 474 7.589 2.405E+05 38.58 1.91 
686 474 29.287 1.934E+05 31.66 3.25 
687 474 36.324 1.558E+05 22.99 1.84 
688 474 92.621 1.754E+05 37.59 2.18 
689 474 183.518 1.666E+05 32.88 3.25 
690 474 197.593 6.803E+04 12.66 1.93 
691 474 208.735 1.842E+05 33.02 2.08 
692 474 243.334 1.052E+05 20.45 5.24 
693 480 68.578 2.582E+05 56.37 1.27 
694 480 80.306 4.930E+04 13.16 3.2 
695 480 233.951 5.776E+04 13.94 2.29 
696 486 2.311 9.788E+04 24.21 2.42 
697 486 83.825 1.310E+05 27.12 2.12 
698 486 94.381 2.609E+05 60.42 2.35 
699 486 106.696 7.378E+04 14.54 2.44 
700 486 142.468 1.310E+05 31.66 1.22 
701 486 150.092 1.195E+05 26.57 1.58 
702 492 114.906 9.471E+04 19.6 2.32 
703 492 123.116 1.411E+05 37.72 1.17 
704 492 133.672 8.811E+04 20.38 1.67 
705 492 273.829 7.328E+04 18.12 2.59 
706 498 33.978 1.993E+05 39.35 2.62 
707 498 48.053 1.004E+05 19.8 1.76 
708 498 51.571 9.189E+04 21.26 2.37 
709 498 90.276 2.033E+05 32.61 1.78 
710 498 143.054 1.218E+05 28.79 1.16 
711 498 154.197 2.902E+05 54.87 1.82 
712 498 164.752 9.760E+04 24.74 1.12 
713 498 178.827 1.886E+05 33.82 2.56 
714 498 200.525 4.508E+04 11.13 2.21 
715 498 209.321 9.783E+04 21.34 2.1 
716 498 232.778 4.844E+04 13.3 1.74 
717 498 352.410 8.581E+04 18.37 1.89 
718 498 361.207 1.208E+05 26.85 334.3 
719 504 7.589 1.768E+05 30.57 1.6 
720 504 12.867 1.795E+05 30.68 1.54 












722 504 76.201 1.519E+05 28.7 1.81 
723 504 123.702 2.442E+05 54.33 1.03 
724 504 128.394 4.147E+05 87.38 1.21 
725 504 129.567 4.365E+05 97.14 1.17 
726 504 146.573 1.294E+05 27.73 2.77 
727 504 152.437 5.249E+05 103.69 1.64 
728 504 188.210 5.560E+04 12.11 1.38 
729 504 198.179 1.741E+05 30.1 1.92 
730 504 249.785 3.066E+05 44.52 1.31 
731 504 276.761 1.579E+05 42.22 2.38 
732 504 288.489 6.787E+05 110.02 1.3 
733 504 306.669 5.891E+05 75.2 1.71 
734 504 313.706 3.778E+05 62.53 1.44 
735 504 333.645 2.908E+05 42.23 2.3 
736 504 350.065 7.068E+04 18.88 1.72 
737 504 357.102 2.057E+05 42.61 1.77 
738 510 62.127 2.371E+05 50.83 1.59 
739 510 83.825 4.770E+04 12.73 1.86 
740 510 162.407 1.556E+05 28.62 1.4 
741 510 164.752 1.383E+05 32.69 1.04 
742 510 170.617 4.581E+05 65.47 1.98 
743 510 230.433 3.618E+05 53.89 0.87 
744 510 262.100 1.844E+05 36.97 1.33 
745 510 268.551 3.079E+05 45.09 3.13 
746 510 275.001 1.498E+05 35.41 1.84 
747 510 280.279 3.315E+05 61.83 1.99 
748 510 283.212 1.022E+05 28.96 4.15 
749 510 297.286 2.330E+05 41.27 2.4 
750 510 303.737 2.532E+05 45.99 1.99 
751 510 319.570 2.384E+05 43.86 1.93 
752 510 325.435 1.164E+05 25.39 2.68 
753 510 328.367 9.158E+04 22.65 1.93 
754 510 330.126 6.839E+04 20.01 2.38 
755 510 343.027 7.246E+04 19.35 4.6 
756 516 134.844 3.763E+05 67.5 1.24 
757 516 183.518 2.909E+05 58.33 2.02 
758 516 187.037 1.188E+05 25.91 1.62 












760 516 216.945 1.958E+05 41.25 1.08 
761 516 260.341 2.636E+05 49.16 1.09 
762 516 290.249 4.158E+05 61.42 1.12 
763 516 321.916 3.141E+05 53.12 1.97 
764 522 11.107 4.575E+05 74.93 1.55 
765 522 38.670 7.110E+04 18.48 2.13 
766 522 41.015 6.709E+04 18.44 2.84 
767 522 43.948 1.565E+05 30.43 2.54 
768 522 60.954 7.442E+04 21.78 2.06 
769 522 69.164 1.164E+05 26.93 3.14 
770 522 102.591 4.200E+05 69.51 2.18 
771 522 115.492 1.745E+05 29.5 2.04 
772 522 139.536 2.513E+05 52.06 1.75 
773 522 177.067 1.386E+05 39.3 3.81 
774 522 311.947 2.305E+05 52.29 2.36 
775 522 350.065 3.836E+05 61.55 0.65 
776 522 354.170 1.931E+05 46.7 1.66 
777 522 355.929 2.462E+05 58.23 1.32 
778 528 3.484 2.761E+05 50.69 2.09 
779 528 7.002 2.467E+05 50.97 1.88 
780 528 18.145 1.099E+05 32.09 1.98 
781 528 19.904 1.300E+05 31.35 1.7 
782 528 24.009 2.043E+05 36.56 2.96 
783 528 28.114 2.055E+05 36.32 3.07 
784 528 32.219 1.987E+05 36 2.52 
785 528 51.571 1.010E+05 23.33 2.74 
786 528 54.503 1.165E+05 24.06 2.43 
787 528 59.195 1.602E+05 29.41 1.29 
788 528 66.232 1.092E+05 23.76 2.4 
789 528 72.683 1.302E+05 25.25 2.04 
790 528 75.028 1.118E+05 25.82 2.38 
791 528 79.720 3.045E+05 51.97 2.1 
792 528 86.171 2.495E+05 53.36 2.53 
793 528 89.103 1.892E+05 42.83 2.44 
794 528 93.208 1.751E+05 35.03 3.05 
795 528 99.659 1.611E+05 33.85 2.47 
796 528 106.696 6.680E+04 17.32 4.06 












798 528 133.672 3.080E+05 55.82 1.26 
799 528 137.777 7.972E+04 23.28 3 
800 528 143.641 1.768E+05 35.93 2.92 
801 528 148.332 9.626E+04 22.22 2.29 
802 528 151.851 7.586E+04 18.28 2.76 
803 528 154.783 7.743E+04 17.87 2.97 
804 528 158.888 3.609E+05 71.12 3.41 
805 528 163.580 3.532E+05 79.97 2.21 
806 528 165.925 2.957E+05 59.17 1.6 
807 528 174.135 2.708E+05 65.35 2.79 
808 528 198.765 1.749E+05 36.14 1.54 
809 528 203.457 8.730E+04 23.95 1.36 
810 528 207.562 9.247E+04 22.29 3.3 
811 528 211.667 9.750E+04 25.99 3.13 
812 528 216.358 2.649E+05 46.26 0.48 
813 528 225.741 1.407E+05 33.19 2.87 
814 528 229.260 1.444E+05 32.68 1.74 
815 528 233.951 2.841E+05 44.59 1.21 
816 528 242.161 5.391E+04 15.73 4.72 
817 528 245.680 1.159E+05 26.75 2.41 
818 528 248.612 7.455E+04 21.77 3.04 
819 528 252.717 6.210E+04 18.13 4.23 
820 528 256.822 8.053E+04 19.87 3.11 
821 534 185.278 7.836E+05 125.28 0.94 
822 534 188.796 3.196E+05 55.73 1.22 
823 540 279.693 5.098E+04 14.84 2.83 
824 540 287.903 2.476E+05 59.6 2.79 
825 540 292.008 1.031E+05 27.42 2.19 
826 540 298.459 1.232E+05 26.76 2.02 
827 540 307.255 1.750E+05 33.88 1.56 
828 540 323.089 5.521E+04 15.56 2.34 
829 540 335.990 3.966E+05 66.04 1.9 
830 540 352.410 1.051E+05 29.66 2.36 














1 6 181.172 4.658E+04 16.432 4.945 
2 6 216.358 2.289E+05 79.03 2.650 
3 6 270.310 3.282E+05 128.928 3.791 
4 6 335.990 5.098E+04 20.611 2.179 
5 6 345.373 4.093E+05 127.579 4.482 
6 12 56.263 2.345E+05 75.951 3.206 
7 12 94.967 2.320E+05 61.748 4.664 
8 12 124.289 1.909E+05 61.826 1.121 
9 12 355.343 4.165E+04 11.535 4.121 
10 18 4.657 7.849E+04 31.752 10.382 
11 18 21.663 8.659E+04 25.159 3.093 
12 18 310.774 1.788E+05 50.372 5.654 
13 24 100.245 6.259E+04 19.849 2.543 
14 24 113.146 4.318E+04 14.551 3.943 
15 24 120.770 2.016E+05 62.807 3.263 
16 24 124.289 8.567E+04 23.094 0.744 
17 30 58.608 1.886E+05 46.034 2.320 
18 30 79.720 3.686E+05 92.103 1.611 
19 30 151.265 6.948E+04 21.234 3.174 
20 30 154.783 5.119E+04 15.362 3.626 
21 30 218.704 1.707E+05 48.106 3.384 
22 30 263.859 1.623E+05 33.909 2.445 
23 30 272.656 1.131E+05 24.233 1.623 
24 30 335.990 1.251E+05 31.611 1.977 
25 30 342.441 1.179E+05 34.848 3.739 
26 36 46.880 1.427E+05 37.961 2.749 
27 36 77.961 1.553E+05 56.231 2.792 
28 36 143.641 1.260E+05 30.743 4.019 
29 36 171.203 6.760E+04 18.745 7.897 
30 36 186.450 3.774E+04 12.713 6.009 
31 36 239.229 8.989E+04 32.525 2.188 
32 42 19.317 8.475E+04 21.407 1.732 
33 42 104.936 2.045E+05 51.073 3.447 
34 42 215.186 8.594E+04 25.382 3.214 
35 42 240.988 8.824E+04 31.928 2.207 
36 42 317.811 8.166E+04 20.376 3.528 












38 48 43.948 2.840E+05 80.038 2.614 
39 48 99.659 8.956E+04 26.023 1.939 
40 48 337.750 9.528E+04 30.835 1.961 
41 54 35.151 5.423E+04 16.004 5.148 
42 54 52.744 1.078E+05 28.288 4.028 
43 54 90.862 1.612E+05 43.481 4.822 
44 54 110.214 4.626E+05 100.097 2.578 
45 54 119.597 1.041E+05 33.042 3.347 
46 54 230.433 4.574E+04 12.49 3.187 
47 54 267.964 6.735E+04 16.23 2.609 
48 54 282.625 3.465E+05 99.195 1.428 
49 60 24.595 6.455E+04 18.168 4.479 
50 60 48.639 2.356E+05 62.718 2.796 
51 60 131.912 1.662E+05 43.633 3.931 
52 60 151.265 6.279E+04 15.476 1.939 
53 60 299.632 2.382E+05 51.989 5.485 
54 60 333.645 1.851E+05 70.626 4.321 
55 60 358.275 1.694E+05 53.794 341.812 
56 66 19.317 9.170E+04 29.099 2.563 
57 66 81.479 1.530E+05 42.476 2.007 
58 66 205.803 9.849E+04 28.17 3.381 
59 66 223.396 2.482E+05 59.913 4.552 
60 66 248.026 6.664E+04 20.366 1.826 
61 66 313.120 1.901E+05 55.261 5.589 
62 66 337.163 2.320E+05 75.139 2.106 
63 72 194.660 6.367E+04 23.628 6.571 
64 72 282.625 1.290E+05 38.779 1.540 
65 78 78.547 7.657E+04 28.423 3.163 
66 78 103.177 6.628E+04 23.396 3.842 
67 78 136.604 1.168E+05 30.252 3.343 
68 78 236.297 3.069E+05 67.628 2.535 
69 78 354.170 3.753E+04 12.644 4.146 
70 84 110.801 8.708E+04 26.16 2.257 
71 84 209.321 1.740E+05 51.422 4.215 
72 84 248.026 9.040E+04 21.796 0.897 
73 84 361.207 6.580E+04 17.489 275.023 
74 90 60.368 1.224E+05 30.205 2.528 












76 90 162.407 5.078E+04 16.098 3.662 
77 90 231.019 9.288E+04 25.04 2.787 
78 90 267.378 2.314E+05 59.227 2.081 
79 96 6.416 5.563E+04 16.418 6.155 
80 96 115.492 9.416E+04 26.928 4.267 
81 96 276.761 2.775E+05 63.527 5.078 
82 96 326.021 2.943E+05 65.457 2.732 
83 102 73.269 9.716E+04 27.307 3.945 
84 102 140.122 9.358E+04 22.271 2.758 
85 102 321.330 1.283E+05 36.071 4.472 
86 108 235.711 5.560E+04 17.869 2.728 
87 114 52.744 4.580E+04 15.689 3.134 
88 114 65.059 4.742E+04 14.393 4.452 
89 114 80.306 2.089E+05 51.27 1.335 
90 114 92.621 1.092E+05 28.476 3.804 
91 114 178.240 2.301E+05 64.447 2.014 
92 114 266.205 8.684E+04 26.874 2.680 
93 114 270.896 2.053E+05 56.657 2.424 
94 114 336.577 6.604E+04 16.778 2.049 
95 120 44.534 1.782E+05 48.823 2.329 
96 120 58.608 1.663E+05 44.285 0.867 
97 120 147.159 6.526E+04 17.356 2.388 
98 120 254.476 4.236E+04 14.089 4.396 
99 120 259.168 2.800E+05 91.362 2.885 
100 120 262.100 4.840E+04 17.272 2.926 
101 126 41.602 2.892E+04 11.067 2.329 
102 126 78.547 2.687E+05 86.789 2.032 
103 126 163.580 8.442E+04 23.964 3.512 
104 126 196.420 5.798E+04 16.449 4.346 
105 126 300.804 1.345E+05 31.704 1.482 
106 126 311.947 7.434E+04 17.506 2.018 
107 126 324.848 7.932E+04 24.127 2.424 
108 126 347.133 7.862E+04 23.073 3.903 
109 132 59.195 1.963E+05 49.683 1.075 
110 132 282.039 4.454E+04 12.876 2.462 
111 138 133.672 4.755E+04 16.69 0.876 
112 138 144.227 5.424E+04 17.695 1.548 












114 138 226.328 8.625E+04 21.417 5.174 
115 138 245.093 5.130E+04 15.393 4.998 
116 138 270.310 3.889E+04 13.299 1.058 
117 138 292.008 1.213E+05 37.15 3.384 
118 138 315.465 1.181E+05 34.177 3.147 
119 138 338.922 1.078E+05 24.89 2.170 
120 138 351.824 1.457E+05 35.738 2.647 
121 144 43.361 7.155E+04 18.109 2.008 
122 144 48.639 1.206E+05 35.453 1.224 
123 144 53.331 6.897E+04 16.975 2.444 
124 144 79.133 1.132E+05 33.271 1.705 
125 144 204.043 1.143E+05 41.55 1.279 
126 144 300.218 6.456E+04 17.649 1.250 
127 150 119.011 2.685E+05 50.837 0.527 
128 150 133.672 1.060E+05 26.254 0.785 
129 150 145.400 3.829E+05 87.711 1.052 
130 150 270.896 8.646E+04 25.341 1.297 
131 150 289.076 6.643E+04 18.388 2.468 
132 156 21.077 2.398E+05 59.456 1.239 
133 156 29.873 1.770E+05 54.151 2.938 
134 156 48.053 2.185E+05 62.879 1.472 
135 156 104.936 9.730E+04 26.487 2.649 
136 156 157.129 6.306E+04 16.077 4.014 
137 156 204.043 2.560E+05 78.32 1.246 
138 156 236.297 4.603E+04 15.891 3.481 
139 162 27.528 2.476E+05 72.471 2.623 
140 162 119.011 3.185E+05 91.327 1.134 
141 162 233.365 2.180E+05 45.566 1.724 
142 162 323.089 1.176E+05 28.901 3.535 
143 168 20.490 3.742E+04 12.688 0.999 
144 168 116.665 7.111E+04 23.458 2.645 
145 168 121.357 1.945E+05 58.079 2.983 
146 168 136.017 2.535E+05 60.021 1.480 
147 168 174.135 2.395E+05 75.033 2.276 
148 168 202.284 2.263E+05 51.422 1.991 
149 168 258.581 1.842E+05 39.807 2.728 
150 168 280.279 1.204E+05 27.709 3.337 












152 174 90.862 6.762E+04 20.688 2.476 
153 174 110.801 2.024E+05 43.284 3.625 
154 174 161.820 2.297E+05 44.939 4.422 
155 174 172.376 2.699E+05 69.87 1.937 
156 174 208.735 9.460E+04 22.2 3.530 
157 174 218.704 9.495E+04 18.188 0.965 
158 174 250.371 3.111E+05 64.991 3.571 
159 174 306.669 2.319E+05 58.993 3.772 
160 180 8.175 6.327E+04 16.618 3.493 
161 180 22.250 2.194E+05 47.737 1.942 
162 180 32.805 1.882E+05 33.123 1.827 
163 180 238.643 1.350E+05 32.509 2.833 
164 180 316.638 9.565E+04 22.309 1.077 
165 186 14.040 9.222E+04 19.067 4.282 
166 186 93.208 7.660E+04 22.135 2.605 
167 186 96.726 8.554E+04 20.678 2.978 
168 186 106.109 1.498E+05 32.627 2.486 
169 186 135.431 2.772E+05 80.196 1.879 
170 186 137.190 4.273E+05 109.025 1.506 
171 186 151.265 5.798E+04 17.609 4.881 
172 186 263.273 4.461E+04 12.303 2.365 
173 186 286.144 2.490E+05 42.594 2.641 
174 186 344.200 4.884E+04 12.922 1.471 
175 192 61.541 1.539E+05 32.819 2.729 
176 192 196.420 4.981E+04 12.648 5.191 
177 192 219.291 2.700E+05 63.961 1.909 
178 198 138.949 4.315E+04 12.91 2.029 
179 198 147.159 2.109E+05 51.623 4.545 
180 198 260.927 5.197E+04 14.4 2.680 
181 198 302.564 6.195E+04 17.595 3.372 
182 198 309.601 1.092E+05 23.802 2.874 
183 198 316.638 2.297E+05 55.219 1.578 
184 198 319.570 1.340E+05 30.121 2.481 
185 198 355.929 2.439E+05 57.609 3.693 
186 204 31.046 1.130E+05 22.568 2.121 
187 204 222.809 6.966E+04 15.849 2.612 
188 204 289.662 4.742E+04 13.554 3.274 












190 204 344.787 8.201E+04 20.054 1.492 
191 204 348.892 4.565E+04 13.793 1.778 
192 204 352.410 9.550E+04 27.329 4.471 
193 210 76.201 1.164E+05 26.117 2.515 
194 210 166.512 1.004E+05 17.621 2.968 
195 210 238.056 6.410E+04 16.414 2.361 
196 216 5.243 2.871E+05 52.062 3.358 
197 216 56.849 8.061E+04 17.782 2.658 
198 216 63.300 7.141E+04 15.263 1.189 
199 216 79.720 2.573E+05 56.833 3.595 
200 216 133.672 2.038E+05 43.621 3.015 
201 216 141.882 4.207E+04 12.167 1.463 
202 216 230.433 7.617E+04 15.81 1.269 
203 216 331.299 1.477E+05 32.62 4.494 
204 216 360.034 1.285E+05 25.28 169.719 
205 222 102.004 2.879E+05 55.29 2.279 
206 222 106.696 1.387E+05 23.868 1.511 
207 222 130.153 5.389E+04 14.794 3.874 
208 222 184.691 2.287E+05 56.251 2.654 
209 222 201.698 1.064E+05 24.281 5.109 
210 222 206.975 9.310E+04 24.392 5.314 
211 222 228.673 7.674E+04 15.284 1.131 
212 222 249.199 9.725E+04 22.582 2.913 
213 222 348.892 3.002E+05 62.413 1.332 
214 228 39.256 5.652E+04 14.468 4.609 
215 228 61.541 4.011E+04 12.304 2.533 
216 228 65.059 9.352E+04 22.534 2.208 
217 228 88.516 1.523E+05 32.1 0.799 
218 228 140.709 8.315E+04 20.853 1.501 
219 228 181.759 7.098E+04 21.149 1.943 
220 228 252.131 2.459E+05 47.802 2.403 
221 234 76.788 6.938E+04 15.652 1.531 
222 234 150.678 4.831E+04 12.802 3.426 
223 234 161.234 1.168E+05 23.039 0.873 
224 234 192.901 5.399E+04 13.385 2.212 
225 234 238.643 1.178E+05 26.157 1.932 
226 234 272.069 6.434E+04 16.666 4.731 












228 240 26.355 6.650E+04 16.11 1.914 
229 240 88.516 6.855E+04 21.181 1.277 
230 240 104.350 3.442E+05 69.101 2.429 
231 240 115.492 2.283E+05 46.434 3.975 
232 240 142.468 1.287E+05 27.702 1.900 
233 240 182.932 7.519E+04 19.81 1.690 
234 240 214.599 6.221E+04 19.219 3.764 
235 240 243.334 5.950E+04 17.832 2.830 
236 240 267.378 9.090E+04 22.473 4.379 
237 240 307.255 9.211E+04 23.244 2.808 
238 240 326.021 2.182E+05 47.713 2.555 
239 246 55.090 3.454E+05 80.767 2.763 
240 246 83.825 6.211E+04 15.999 3.122 
241 246 99.659 8.253E+04 22.26 3.331 
242 246 124.875 6.088E+04 15.35 2.781 
243 246 138.949 9.454E+04 29.226 2.259 
244 246 160.647 5.202E+04 14.74 1.567 
245 246 191.142 1.019E+05 20.997 1.788 
246 246 217.531 1.797E+05 43.594 1.624 
247 246 240.988 1.336E+05 36.06 2.736 
248 246 310.187 4.879E+04 12.844 2.617 
249 246 342.441 1.135E+05 26.524 4.328 
250 252 11.107 5.849E+04 15.842 3.854 
251 252 45.707 4.444E+04 12.684 6.644 
252 252 58.608 2.312E+05 51.216 2.049 
253 252 77.961 2.083E+05 48.624 1.878 
254 252 107.869 5.462E+04 15.595 2.559 
255 252 137.190 8.450E+04 18.694 1.507 
256 252 147.746 1.362E+05 24.899 2.478 
257 252 211.080 2.559E+05 46.809 2.570 
258 252 223.396 1.364E+05 24.655 3.319 
259 252 348.892 1.484E+05 35.296 2.936 
260 258 24.595 1.348E+05 28.869 1.924 
261 258 128.394 1.266E+05 28.918 3.091 
262 258 164.752 1.784E+05 34.712 0.973 
263 258 216.358 5.748E+04 17.662 1.340 
264 258 328.367 1.786E+05 37.144 2.119 












266 258 357.688 1.635E+05 27.627 2.722 
267 264 7.589 6.916E+04 15.982 2.278 
268 264 60.368 6.420E+04 18.015 2.128 
269 264 69.751 6.849E+04 16.119 2.629 
270 264 72.683 1.229E+05 23.196 2.123 
271 264 75.615 4.999E+04 15.784 2.936 
272 264 80.893 4.109E+05 69.13 0.830 
273 264 89.103 5.378E+04 14.347 2.501 
274 264 93.794 5.620E+04 16.198 4.731 
275 264 168.857 5.815E+04 13.679 2.233 
276 264 243.334 1.529E+05 32.099 1.966 
277 264 249.199 1.431E+05 29.202 1.532 
278 270 111.387 1.626E+05 32.108 3.005 
279 270 165.339 4.933E+04 15.889 1.542 
280 270 305.496 1.362E+05 29.175 1.756 
281 270 320.743 5.234E+04 13.609 5.583 
282 276 36.324 6.759E+04 15.933 3.990 
283 276 55.090 2.576E+05 50.268 2.919 
284 276 79.720 5.886E+04 18.361 1.893 
285 276 131.326 1.130E+05 24.931 2.484 
286 276 138.363 3.953E+04 11.613 1.783 
287 276 228.087 1.502E+05 30.04 2.149 
288 282 104.936 3.059E+05 64.251 3.154 
289 282 153.610 2.484E+05 50 1.922 
290 282 170.617 7.519E+04 17.38 2.253 
291 282 248.612 9.028E+04 21.663 1.713 
292 288 3.484 2.404E+05 41.693 2.423 
293 288 8.762 1.911E+05 39.984 2.537 
294 288 119.597 6.114E+04 15.644 2.273 
295 288 157.715 2.511E+05 57.049 3.425 
296 288 263.859 1.699E+05 33.11 5.235 
297 288 297.286 1.418E+05 30.587 2.279 
298 288 301.391 1.500E+05 30.471 1.035 
299 288 306.669 2.482E+05 37.872 0.813 
300 294 86.757 5.843E+05 104.801 2.240 
301 294 138.363 1.174E+05 26.213 1.350 
302 294 162.407 4.691E+04 13.659 2.073 












304 300 63.886 1.264E+05 24.384 1.521 
305 300 143.641 3.213E+05 62.023 2.493 
306 300 160.647 4.972E+04 13.921 2.003 
307 300 300.218 8.461E+04 21.445 1.703 
308 300 335.990 1.358E+05 31.09 4.422 
309 300 357.102 1.106E+05 26.315 354.983 
310 300 360.034 1.293E+05 31.612 420.865 
311 306 25.768 8.690E+04 19.597 4.777 
312 306 31.046 1.637E+05 32.456 4.942 
313 306 117.838 1.082E+05 24.403 1.976 
314 306 132.499 5.069E+04 13.616 2.733 
315 306 153.610 2.827E+05 56.052 0.908 
316 306 257.995 5.189E+04 12.951 0.957 
317 306 341.268 1.741E+05 40.057 5.196 
318 312 42.775 1.048E+06 108.525 2.230 
319 312 172.376 3.896E+04 11.42 1.888 
320 312 223.396 9.797E+04 19.724 2.648 
321 312 229.846 6.560E+04 15.394 2.142 
322 312 235.124 4.747E+04 11.361 3.350 
323 312 347.719 2.482E+05 42.093 3.473 
324 312 354.170 2.013E+05 44.699 2.923 
325 318 3.484 1.266E+05 24.353 1.694 
326 318 36.910 5.131E+05 55.528 1.153 
327 318 51.571 6.491E+05 86.061 2.357 
328 318 56.263 4.112E+05 72.465 2.974 
329 318 67.991 2.045E+05 44.654 1.706 
330 318 69.751 4.567E+05 59.38 0.843 
331 318 78.547 2.700E+05 46.505 1.304 
332 318 80.306 2.126E+05 41.522 1.606 
333 318 85.584 4.734E+05 71.224 1.431 
334 318 89.103 3.427E+05 58.387 2.244 
335 318 99.072 5.891E+05 72.163 1.294 
336 318 102.004 2.297E+05 48.445 2.544 
337 318 105.523 2.160E+05 46.338 2.574 
338 318 114.319 3.182E+05 54.204 2.355 
339 318 120.770 1.635E+05 31.918 2.412 
340 318 153.610 1.099E+05 29.926 1.185 












342 318 178.827 1.475E+05 27.271 3.476 
343 318 184.105 2.505E+05 41.771 3.831 
344 318 191.142 8.068E+04 16.204 5.764 
345 318 201.111 5.589E+04 13.743 1.536 
346 318 204.043 1.831E+05 32.251 2.193 
347 318 238.643 9.004E+04 16.224 1.946 
348 318 257.995 2.610E+05 55.064 1.103 
349 318 270.310 1.299E+05 27.381 3.101 
350 318 279.693 6.065E+04 14.28 2.351 
351 324 63.300 6.826E+05 86.367 1.179 
352 324 108.455 2.104E+05 38.347 2.138 
353 324 245.093 1.034E+05 19.084 1.553 
354 324 287.903 1.125E+05 20.752 2.670 
355 330 1.725 8.619E+04 23.108 2.821 
356 330 157.715 2.011E+05 49.948 1.312 
357 330 276.174 1.208E+05 27.48 3.646 
358 330 297.872 6.069E+04 14.707 2.718 
359 330 318.984 4.934E+04 11.44 2.132 
360 336 126.634 1.465E+05 30.369 1.878 
361 336 145.400 1.388E+05 30.816 3.415 
362 336 201.111 6.431E+04 15.806 1.908 
363 336 229.260 8.612E+04 21.677 2.835 
364 336 282.039 2.602E+05 55.782 2.897 
365 342 4.070 4.624E+04 10.936 1.590 
366 342 158.302 2.460E+05 52.85 1.299 
367 342 221.636 4.210E+04 9.954 2.975 
368 342 240.988 9.382E+04 22.223 2.614 
369 342 243.921 6.747E+04 17.577 2.428 
370 342 247.439 2.931E+05 52.69 2.185 
371 342 250.371 7.646E+04 21.064 2.929 
372 342 252.717 9.113E+04 22.592 2.476 
373 348 13.453 2.346E+05 50.148 2.520 
374 348 20.490 8.309E+04 16.593 0.779 
375 348 68.578 7.238E+04 16.034 2.817 
376 348 124.289 8.705E+04 19.291 1.956 
377 348 209.908 6.322E+04 13.254 2.125 
378 348 225.155 1.998E+05 41.249 3.835 












380 354 59.195 1.726E+05 38.291 3.027 
381 354 79.720 6.441E+04 13.998 2.517 
382 354 92.621 6.480E+04 13.357 4.392 
383 354 206.389 6.619E+04 14.125 3.093 
384 354 269.724 9.507E+04 19.949 3.195 
385 354 289.662 3.338E+05 46.838 1.090 
386 354 296.113 1.176E+05 29.73 3.086 
387 354 299.045 1.101E+05 29.352 2.819 
388 354 303.737 2.747E+05 45.806 2.372 
389 354 309.014 1.162E+05 25.283 1.742 
390 354 313.706 3.333E+05 47.128 1.756 
391 354 319.570 6.514E+04 17.849 2.832 
392 354 322.502 1.275E+05 25.082 1.828 
393 354 324.848 9.390E+04 20.812 2.190 
394 360 9.348 3.240E+05 46.919 1.916 
395 360 20.490 2.120E+05 30.689 0.590 
396 360 120.770 2.883E+05 55.936 1.392 
397 360 150.092 3.832E+05 66.116 1.705 
398 360 238.643 5.460E+04 13.785 3.275 
399 360 310.774 9.307E+04 22.957 1.961 
400 360 337.750 1.322E+05 24.914 2.606 
401 360 341.268 1.470E+05 28.092 2.295 
402 360 344.200 1.800E+05 28.219 1.902 
403 360 347.719 9.452E+04 18.591 2.993 
404 360 351.238 1.520E+05 24.296 2.006 
405 360 355.929 1.885E+05 27.508 1.608 
406 366 2.311 1.094E+05 21.523 2.392 
407 366 15.212 1.142E+05 22.135 1.539 
408 366 40.429 9.630E+04 16.589 2.691 
409 366 131.912 9.122E+04 19.838 4.839 
410 366 257.995 9.525E+04 19.332 1.924 
411 366 273.242 1.417E+05 25.645 1.950 
412 372 53.917 2.332E+05 34.516 3.732 
413 372 81.479 5.613E+04 11.34 1.925 
414 372 145.987 1.898E+05 42.795 3.636 
415 372 152.437 1.493E+05 24.276 1.426 
416 372 163.580 9.823E+04 19.873 4.983 












418 372 209.321 1.030E+05 20.502 1.688 
419 372 214.013 1.229E+05 24.114 3.751 
420 378 103.177 1.315E+05 26.103 3.435 
421 378 120.184 2.571E+05 49.597 1.380 
422 378 127.221 1.167E+05 27.182 3.928 
423 378 263.273 1.206E+05 27.522 0.979 
424 378 280.866 1.534E+05 39.148 2.239 
425 378 325.435 2.375E+05 52.173 2.252 
426 378 353.583 5.689E+04 14.145 2.692 
427 384 26.355 7.448E+04 15.817 3.060 
428 384 46.293 4.621E+04 11.257 4.273 
429 384 59.195 4.176E+04 11.247 3.117 
430 384 171.790 9.017E+04 20.633 1.683 
431 384 289.076 8.307E+04 23.768 1.592 
432 384 316.638 3.879E+05 57.847 2.798 
433 390 87.930 5.309E+04 12.115 3.803 
434 390 95.554 7.809E+04 17.488 1.664 
435 390 142.468 9.264E+04 21.163 3.990 
436 390 194.074 1.511E+05 25.45 2.250 
437 390 199.352 1.752E+05 34.868 1.324 
438 390 223.982 2.866E+05 46.817 2.593 
439 390 231.606 4.030E+05 71.974 2.428 
440 390 235.711 7.711E+05 121.159 2.798 
441 390 262.686 3.316E+05 57.815 0.948 
442 390 272.069 9.482E+04 24.223 2.932 
443 390 275.588 2.609E+05 45.488 2.203 
444 390 278.520 1.598E+05 35.812 2.543 
445 390 282.625 2.626E+05 47.479 1.370 
446 390 287.903 2.182E+05 41.569 1.026 
447 396 72.096 6.959E+04 15.571 3.057 
448 396 110.214 6.480E+04 14.496 2.792 
449 396 119.011 3.263E+05 63.027 1.989 
450 396 168.271 1.505E+05 31.394 1.787 
451 396 177.654 1.027E+05 16.742 2.549 
452 396 217.531 2.601E+05 48.217 2.909 
453 396 239.229 4.040E+05 73.939 2.585 
454 396 243.334 3.101E+05 58.261 2.880 












456 396 251.544 1.381E+05 36.183 2.071 
457 396 254.476 2.125E+05 42.928 1.766 
458 396 259.168 1.705E+05 41.519 2.908 
459 396 266.205 1.134E+05 24.923 3.462 
460 396 269.724 1.852E+05 33.867 1.976 
461 396 291.422 1.499E+05 31.788 2.531 
462 396 294.940 1.932E+05 39.027 0.898 
463 396 299.045 1.548E+05 31.251 1.610 
464 396 306.082 2.692E+05 36.241 2.093 
465 396 328.367 1.634E+05 25.634 1.304 
466 396 350.651 2.173E+05 34.754 1.410 
467 402 21.663 2.832E+05 44.464 1.801 
468 402 38.083 2.312E+05 41.655 2.973 
469 402 96.726 4.014E+04 11.932 1.659 
470 402 150.678 4.045E+05 57.453 2.050 
471 402 171.790 7.231E+04 19.119 1.822 
472 402 228.087 3.097E+05 70.091 3.402 
473 408 32.219 2.703E+05 49.285 2.869 
474 408 62.713 1.549E+05 27.219 1.597 
475 408 123.116 9.977E+04 25.704 2.541 
476 408 199.352 4.494E+04 12.929 2.104 
477 408 252.717 2.429E+05 58.404 1.808 
478 408 295.527 1.022E+05 24.558 1.349 
479 408 300.804 5.454E+04 13.698 2.213 
480 408 355.343 6.465E+04 18.057 1.611 
481 414 28.700 9.494E+04 28.44 2.850 
482 414 158.888 7.469E+04 20.416 2.438 
483 414 168.857 1.298E+05 29.524 1.689 
484 414 174.135 4.391E+04 13.135 1.546 
485 414 191.728 1.009E+05 26.851 3.752 
486 414 202.870 2.271E+05 51.7 3.921 
487 414 210.494 3.549E+04 9.184 5.026 
488 420 4.070 5.080E+05 75.254 3.234 
489 420 77.374 2.469E+05 49.375 2.284 
490 420 101.418 9.293E+04 22.577 2.571 
491 420 254.476 1.210E+05 27.15 2.038 
492 420 262.686 4.512E+04 12.375 2.818 












494 420 345.373 1.295E+05 22.496 1.262 
495 420 351.238 1.945E+05 34.182 1.376 
496 420 354.170 1.182E+05 30.813 1.802 
497 420 357.688 1.672E+05 48.749 0.973 
498 426 9.348 1.975E+05 43.664 3.018 
499 426 12.280 4.217E+05 66.535 1.354 
500 426 19.904 1.359E+05 35.549 1.536 
501 426 22.836 1.205E+05 33.23 2.905 
502 426 25.182 1.430E+05 38.378 2.547 
503 426 36.324 1.703E+05 30.023 1.861 
504 426 45.707 1.377E+05 26.828 1.611 
505 426 59.195 1.829E+05 33.004 1.725 
506 426 63.886 3.566E+05 67.687 1.282 
507 426 70.337 1.007E+05 21.497 0.918 
508 426 111.387 1.350E+05 27.904 0.901 
509 426 120.184 1.024E+05 25.521 2.163 
510 426 133.085 2.265E+05 48.386 3.266 
511 426 140.122 1.031E+05 24.598 2.079 
512 426 175.308 9.512E+04 22.237 1.757 
513 426 195.833 1.172E+05 25.443 3.003 
514 426 238.643 1.864E+05 41.965 3.060 
515 426 249.785 1.964E+05 44.217 3.499 
516 426 280.279 1.047E+05 20.392 3.564 
517 426 311.947 1.914E+05 31.654 1.212 
518 432 18.731 2.583E+05 60.572 1.368 
519 432 30.460 3.221E+05 59.714 1.694 
520 432 48.053 2.302E+05 42.662 1.872 
521 432 53.331 3.740E+05 56.599 3.208 
522 432 79.720 2.057E+05 50.287 2.129 
523 432 124.289 2.340E+05 42.327 1.737 
524 432 128.980 1.097E+05 28.048 4.305 
525 432 161.234 2.074E+05 51.832 2.884 
526 432 165.925 1.158E+05 25.18 2.692 
527 432 219.291 1.050E+05 16.733 1.825 
528 432 293.181 1.060E+05 20.146 2.343 
529 432 299.632 3.206E+05 60.181 2.321 
530 432 357.688 1.817E+05 38.883 1.090 












532 438 86.757 8.905E+04 26.964 2.630 
533 438 92.621 5.083E+05 77.675 0.634 
534 438 110.801 1.065E+05 24.483 0.740 
535 438 142.468 1.646E+05 34.137 2.032 
536 438 158.888 2.751E+05 64.583 2.390 
537 438 214.599 2.521E+05 50.01 3.741 
538 438 269.137 7.728E+04 16.532 2.965 
539 438 275.001 2.152E+05 44.646 2.816 
540 438 287.903 1.018E+05 24.371 4.869 
541 444 65.059 1.368E+05 32.753 1.707 
542 444 77.961 3.423E+05 61.981 1.241 
543 444 84.411 1.201E+05 30.736 2.151 
544 444 102.591 3.095E+05 50.368 1.589 
545 444 118.424 2.402E+05 49.819 1.972 
546 444 155.370 8.176E+04 19.165 2.890 
547 444 184.105 1.007E+05 16.052 4.838 
548 444 232.192 1.993E+05 39.516 3.379 
549 444 263.273 9.870E+04 23.146 2.529 
550 444 310.774 9.812E+04 18.415 1.276 
551 444 329.540 9.609E+04 19.038 1.674 
552 444 334.817 2.358E+05 44.305 3.752 
553 444 344.200 1.312E+05 26.379 2.266 
554 450 13.453 8.339E+04 19.169 2.411 
555 450 60.368 5.440E+04 14.62 2.705 
556 450 72.096 9.083E+04 22.705 2.602 
557 450 92.035 3.315E+05 61.512 0.833 
558 450 98.486 2.262E+05 42.494 3.343 
559 450 109.628 1.024E+05 25.046 1.615 
560 450 147.159 1.807E+05 38.078 2.565 
561 450 150.092 1.334E+05 30.118 1.181 
562 450 162.993 8.597E+04 23.76 2.082 
563 456 167.685 1.194E+05 25.991 2.820 
564 456 171.790 1.207E+05 23.923 3.171 
565 456 350.065 1.229E+05 26.771 1.922 
566 462 149.505 6.899E+04 19.611 1.554 
567 462 158.302 2.266E+05 43.13 1.776 
568 462 164.166 4.464E+04 13.5 1.848 












570 468 218.118 7.786E+05 127.974 1.897 
571 468 221.050 9.111E+05 115.997 1.432 
572 468 227.501 2.680E+05 61.677 0.971 
573 468 243.921 1.773E+05 38.63 1.900 
574 468 246.266 2.214E+05 37.88 1.398 
575 468 274.415 4.904E+05 53.2 0.892 
576 468 280.866 1.391E+05 27.581 2.279 
577 468 283.798 1.161E+05 24.86 2.436 
578 474 132.499 8.509E+04 17.909 3.662 
579 474 204.043 3.105E+06 282.924 1.461 
580 474 212.253 8.231E+05 136.639 3.040 
581 474 348.305 1.483E+05 24.843 1.293 
582 480 192.901 1.285E+06 112.774 0.983 
583 480 196.420 6.939E+05 102.618 1.764 
584 480 198.765 4.825E+05 113.282 2.603 
585 480 227.501 1.957E+05 55.691 1.082 
586 480 233.365 6.384E+05 86.522 1.541 
587 480 238.643 1.569E+05 40.155 3.481 
588 486 27.528 6.604E+04 16.498 5.683 
589 504 90.862 1.340E+05 21.792 2.706 
590 504 117.838 8.583E+04 17.249 3.604 
591 504 219.877 1.286E+05 29.584 2.482 
592 504 235.711 1.562E+05 32.393 1.901 
593 504 243.921 1.509E+05 30.347 2.448 
594 504 259.168 1.284E+05 26.216 2.379 
595 504 262.686 1.836E+05 30.455 1.664 
596 504 275.588 1.123E+05 22.586 2.530 
597 540 194.660 5.492E+05 94.029 1.582 
598 540 203.457 2.802E+05 64.481 2.697 
599 540 212.253 2.114E+05 52.898 4.468 
600 540 219.291 4.004E+05 90.435 2.025 
601 540 225.741 1.699E+05 46.99 3.279 
602 540 239.816 1.087E+05 30.04 3.557 
603 540 245.093 1.714E+05 39.431 1.986 
604 540 254.476 1.631E+05 41.755 4.352 
605 540 266.791 1.042E+05 28.04 4.308 
606 540 273.242 1.106E+05 26.484 2.478 












608 540 303.737 1.029E+05 31.152 5.764 
609 540 310.187 7.644E+04 23.141 5.704 
610 540 319.570 1.271E+05 37.278 5.419 
611 540 326.607 9.930E+04 25.409 4.097 
612 540 332.472 8.416E+04 25.481 2.848 
613 540 336.577 8.088E+04 22.35 2.992 
614 540 341.268 2.061E+05 58.66 4.433 
615 540 345.960 1.799E+05 49.766 3.923 














1 6 63.300 7.934E+04 26.252 3.943 
2 6 79.720 3.492E+05 80.52 3.201 
3 6 105.523 1.119E+05 34.931 4.921 
4 6 110.801 1.510E+05 41.69 2.558 
5 6 117.252 2.983E+05 58.257 2.530 
6 6 160.061 2.186E+05 52.864 1.673 
7 6 179.413 1.689E+05 40.822 3.264 
8 6 264.446 2.689E+05 83.952 4.124 
9 6 289.076 2.001E+05 62.475 6.515 
10 6 321.330 2.610E+05 86.42 3.745 
11 12 49.225 2.417E+05 64.014 2.078 
12 12 74.442 3.994E+05 80.679 2.330 
13 12 84.998 1.580E+05 42.697 2.694 
14 12 89.103 1.053E+05 34.849 2.139 
15 12 123.116 1.862E+05 47.452 2.424 
16 12 127.807 1.129E+05 36.245 1.815 
17 12 129.567 1.205E+05 37.61 1.619 
18 12 136.017 1.525E+05 41.204 2.097 
19 12 140.122 1.007E+05 33.333 4.441 
20 12 145.400 2.239E+05 54.144 2.590 
21 12 150.678 1.478E+05 39.94 1.525 
22 12 184.105 3.566E+05 82.216 3.529 
23 12 192.901 1.611E+05 41.837 4.053 
24 12 317.811 2.386E+05 64.501 0.662 
25 12 359.448 1.295E+05 32.982 253.227 
26 18 6.416 1.356E+05 35.897 1.115 
27 18 14.626 1.416E+05 39.105 4.371 
28 18 66.818 1.681E+05 44.515 1.122 
29 18 93.208 1.924E+05 53.126 2.960 
30 24 52.158 4.178E+05 97.842 2.967 
31 24 188.210 1.079E+05 33.663 4.520 
32 24 273.242 3.722E+05 70.42 1.300 
33 24 282.039 3.339E+05 82.135 5.051 
34 24 314.292 1.564E+05 42.273 2.977 
35 24 317.811 2.910E+05 78.695 1.142 
36 30 5.830 7.186E+04 21.258 0.954 












38 30 56.849 9.536E+04 30.615 2.092 
39 30 67.405 8.894E+04 25.684 0.906 
40 30 90.276 1.424E+05 39.306 1.448 
41 30 149.505 8.836E+04 23.384 1.528 
42 30 161.234 2.772E+05 70.663 2.274 
43 30 225.155 1.104E+05 28.12 3.279 
44 30 249.785 1.471E+05 36.803 1.257 
45 30 252.131 7.422E+04 25.361 2.617 
46 30 256.236 1.625E+05 38.043 3.106 
47 30 260.341 1.945E+05 41.228 2.491 
48 30 354.756 1.430E+05 33.994 1.950 
49 36 28.114 2.430E+05 45.503 2.861 
50 36 164.752 6.638E+04 22.677 3.818 
51 36 295.527 3.865E+05 62.534 3.531 
52 42 55.090 3.128E+05 84.581 2.052 
53 42 87.344 1.112E+05 32.109 1.895 
54 42 110.214 1.579E+05 35.327 2.047 
55 42 125.462 9.787E+04 28.268 2.880 
56 42 136.017 2.689E+05 54.942 2.046 
57 42 233.951 8.414E+04 24.898 2.858 
58 42 266.791 1.066E+05 30.07 3.311 
59 42 310.774 3.188E+05 72.423 3.346 
60 42 318.397 2.934E+05 63.047 1.211 
61 42 352.410 3.945E+05 81.616 2.018 
62 48 2.897 1.266E+05 33.51 3.203 
63 48 48.053 1.260E+05 36.41 1.807 
64 48 70.337 4.465E+05 80.486 2.370 
65 48 113.733 1.732E+05 38.761 1.741 
66 48 148.332 2.017E+05 56.959 1.761 
67 48 151.851 1.252E+05 34.561 1.600 
68 48 172.962 1.758E+05 35.913 3.860 
69 48 237.470 9.461E+04 26.109 1.601 
70 48 245.093 9.504E+04 26.816 1.519 
71 48 249.785 1.773E+05 45.176 1.388 
72 48 361.207 2.722E+05 73.6 2.333 
73 54 9.348 1.469E+05 36.107 1.241 
74 54 45.707 1.541E+05 42.548 2.193 












76 54 85.584 1.431E+05 40.4 1.727 
77 54 100.831 2.222E+05 51.216 3.816 
78 54 144.227 1.877E+05 42.003 3.000 
79 54 201.698 4.488E+05 81.663 2.692 
80 54 273.242 1.810E+05 36.546 1.625 
81 60 36.324 2.832E+05 63.39 3.716 
82 60 150.092 2.837E+05 75.15 1.946 
83 60 182.932 1.275E+05 35.995 3.261 
84 60 230.433 2.800E+05 56.541 2.350 
85 60 243.334 1.031E+05 27.849 1.745 
86 60 327.194 1.082E+05 29.237 2.644 
87 60 343.027 1.960E+05 48.208 2.799 
88 66 14.626 1.347E+05 37.192 3.604 
89 66 18.731 1.364E+05 32.419 1.722 
90 66 111.974 1.076E+05 31.847 1.746 
91 66 191.728 2.265E+05 49.304 1.283 
92 66 238.056 2.549E+05 50.32 1.094 
93 66 346.546 2.071E+05 40.876 0.977 
94 72 8.762 1.496E+05 43.221 1.735 
95 72 42.775 3.026E+05 78.597 3.042 
96 72 77.961 3.917E+05 90.33 1.184 
97 72 83.825 3.998E+05 88.265 1.803 
98 72 89.103 1.015E+05 31.672 1.496 
99 72 120.770 3.065E+05 82.885 4.925 
100 72 127.221 4.233E+05 84.535 2.283 
101 72 179.413 1.140E+05 32.934 3.328 
102 72 257.995 9.633E+04 26.584 3.957 
103 72 276.174 2.885E+05 68.642 1.741 
104 72 360.620 3.833E+05 79.295 1.258 
105 78 6.416 1.436E+05 44.836 2.501 
106 78 25.182 1.951E+05 44.315 2.087 
107 78 95.554 2.288E+05 49.158 2.902 
108 78 105.523 4.027E+05 87.713 4.256 
109 78 113.733 8.300E+04 28.367 2.077 
110 78 155.370 2.687E+05 66.088 3.629 
111 78 225.155 1.869E+05 42.446 1.670 
112 78 248.026 1.041E+05 29.389 1.421 












114 78 265.032 4.426E+05 77.661 2.407 
115 78 302.564 2.155E+05 43.514 1.847 
116 78 306.669 1.677E+05 41.247 1.857 
117 84 46.880 3.213E+05 62.071 0.821 
118 84 49.812 1.898E+05 46.676 1.891 
119 84 52.744 2.470E+05 53.776 1.269 
120 84 58.608 1.125E+05 34.16 2.700 
121 84 64.473 1.005E+05 31.345 2.996 
122 84 67.991 1.590E+05 37.228 2.319 
123 84 72.683 4.024E+05 78.59 1.309 
124 84 80.893 2.040E+05 50.178 1.435 
125 84 133.672 2.374E+05 53.913 3.237 
126 84 138.949 4.184E+05 77.605 0.949 
127 84 146.573 5.183E+05 94.316 1.824 
128 84 191.142 1.009E+05 30.633 1.645 
129 84 272.656 4.155E+05 66.266 1.115 
130 84 277.934 1.478E+05 36.972 1.506 
131 84 283.212 1.605E+05 37.563 1.966 
132 84 320.743 4.192E+05 71.697 2.626 
133 84 347.133 1.063E+05 34.148 1.338 
134 84 352.410 1.369E+05 37.809 2.140 
135 90 90.276 2.514E+05 61.832 1.627 
136 90 164.752 2.723E+05 53.184 2.795 
137 90 250.958 3.214E+05 55.899 0.637 
138 90 314.292 3.339E+05 67.457 1.534 
139 90 355.929 2.032E+05 46.856 1.850 
140 90 360.034 1.586E+05 42.039 1.495 
141 96 18.731 3.533E+05 62.035 1.340 
142 96 115.492 1.800E+05 42.175 1.461 
143 96 202.870 8.421E+04 26.292 1.630 
144 96 246.853 1.821E+05 39.665 1.202 
145 96 327.780 4.145E+05 81.927 1.982 
146 96 349.478 2.778E+05 68.391 1.945 
147 102 7.002 4.241E+05 82.015 1.552 
148 102 21.663 1.412E+05 37.428 0.873 
149 102 22.836 1.478E+05 39.982 1.000 
150 102 26.355 1.305E+05 37.74 2.284 












152 102 34.565 1.248E+05 35.257 2.628 
153 102 139.536 2.035E+05 49.239 1.282 
154 102 194.660 2.738E+05 81.177 1.487 
155 102 223.982 1.506E+05 41.618 2.299 
156 102 311.947 2.540E+05 52.577 1.106 
157 108 47.466 4.431E+05 77.977 0.887 
158 108 50.398 1.858E+05 55.19 1.921 
159 108 52.744 3.227E+05 72.473 1.602 
160 108 56.849 3.486E+05 74.155 1.896 
161 108 62.127 1.935E+05 52.458 2.868 
162 108 66.232 2.107E+05 55.979 2.040 
163 108 72.683 3.525E+05 76.981 1.267 
164 108 76.788 2.078E+05 54.139 1.272 
165 108 82.066 2.348E+05 57.921 1.796 
166 108 86.757 1.638E+05 47.46 3.105 
167 108 99.072 2.104E+05 48.644 2.557 
168 108 124.875 3.413E+05 75.577 1.151 
169 108 147.746 3.037E+05 69.201 2.078 
170 108 236.883 1.081E+05 31.33 3.347 
171 108 262.100 1.427E+05 37.905 1.479 
172 108 301.391 2.165E+05 51.637 1.615 
173 108 307.842 1.747E+05 44.657 2.050 
174 108 354.170 9.016E+04 30.905 2.684 
175 114 37.497 1.602E+05 44.566 2.152 
176 114 141.882 1.511E+05 42.981 2.560 
177 114 171.790 4.377E+05 83.436 1.376 
178 114 186.450 2.146E+05 45.253 2.980 
179 114 192.315 1.194E+05 36.544 1.266 
180 114 195.833 3.737E+05 99.729 1.369 
181 114 202.284 9.930E+04 32.115 1.787 
182 114 208.735 3.222E+05 55.499 1.353 
183 114 217.531 1.987E+05 41.902 1.157 
184 114 221.636 1.171E+05 33.287 2.003 
185 114 252.131 1.789E+05 48.725 1.683 
186 114 282.625 1.811E+05 45.662 0.946 
187 114 313.706 8.581E+04 29.54 1.944 
188 114 325.435 1.226E+05 31.458 1.737 












190 120 91.449 3.670E+05 96.796 0.919 
191 120 204.043 1.877E+05 47.681 1.570 
192 120 231.606 1.240E+05 35.542 1.573 
193 120 264.446 2.202E+05 50.043 1.934 
194 120 276.761 1.668E+05 44.831 1.050 
195 126 23.423 1.579E+05 40.843 1.678 
196 126 49.812 1.064E+05 32.813 1.622 
197 126 125.462 4.322E+05 104.387 1.538 
198 126 193.488 2.115E+05 55.759 1.185 
199 126 219.291 1.330E+05 38.107 1.643 
200 126 244.507 1.265E+05 36.244 2.251 
201 126 248.612 1.522E+05 40.125 2.131 
202 126 253.890 1.395E+05 38.275 1.164 
203 126 258.581 1.640E+05 40.934 2.003 
204 126 261.514 9.619E+04 32.313 1.822 
205 126 270.310 2.548E+05 52.855 2.038 
206 126 275.588 1.428E+05 38.384 1.096 
207 126 282.039 4.312E+05 72.465 0.412 
208 126 289.076 1.548E+05 42.479 1.578 
209 126 294.940 2.586E+05 53.651 1.818 
210 132 6.416 1.580E+05 39.427 2.055 
211 132 9.348 9.837E+04 32.06 2.457 
212 132 15.212 2.401E+05 58.933 1.915 
213 132 35.738 1.249E+05 34.997 1.866 
214 132 65.059 3.714E+05 74.438 1.277 
215 132 84.411 3.611E+05 82.077 0.635 
216 132 91.449 1.785E+05 58.208 0.935 
217 132 105.523 1.035E+05 32.768 2.534 
218 132 113.146 3.600E+05 84.272 3.384 
219 132 118.424 1.712E+05 50.225 1.280 
220 132 127.221 1.230E+05 40.093 1.988 
221 132 166.512 3.610E+05 84.508 2.747 
222 132 170.030 1.251E+05 40.777 2.155 
223 132 198.765 1.279E+05 36.635 2.300 
224 132 239.816 3.266E+05 69.425 2.442 
225 132 301.977 3.717E+05 69.982 1.286 
226 132 306.082 4.283E+05 77.644 1.561 












228 132 314.292 4.403E+05 75.178 0.850 
229 132 323.089 2.944E+05 61.072 1.843 
230 132 328.953 5.780E+05 84.304 1.408 
231 138 119.597 1.729E+05 47.961 1.138 
232 138 136.017 1.949E+05 54.066 2.269 
233 138 138.949 2.692E+05 74.676 2.731 
234 138 174.722 3.562E+05 84.278 2.443 
235 138 210.494 1.468E+05 38.391 2.087 
236 138 232.192 1.702E+05 45.366 1.386 
237 138 320.157 1.419E+05 43.108 2.957 
238 138 339.509 1.606E+05 46.534 2.100 
239 138 341.855 1.818E+05 48.458 1.812 
240 144 19.904 1.322E+05 41.158 1.562 
241 144 70.923 3.336E+05 77.673 1.731 
242 144 73.856 1.271E+05 39.571 2.590 
243 144 81.479 1.548E+05 44.805 2.591 
244 144 84.411 1.427E+05 48.424 0.896 
245 144 102.591 2.366E+05 64.242 1.655 
246 144 253.304 1.676E+05 50.878 1.011 
247 144 266.791 1.136E+05 34.476 2.354 
248 144 290.249 2.687E+05 62.566 1.570 
249 144 335.990 4.041E+05 75.374 1.934 
250 144 361.207 3.510E+05 72.483 230.364 
251 150 11.107 1.702E+05 46.099 2.078 
252 150 16.972 3.839E+05 83.26 1.772 
253 150 46.880 1.647E+05 47.551 0.982 
254 150 59.781 3.082E+05 80.338 3.359 
255 150 117.252 2.696E+05 70.257 1.430 
256 150 147.746 1.906E+05 44.926 3.031 
257 150 153.024 5.227E+05 85.23 1.183 
258 150 171.203 1.232E+05 36.385 1.404 
259 150 189.969 1.444E+05 43.705 2.830 
260 150 192.901 3.072E+05 77.247 2.040 
261 150 222.809 1.158E+05 32.685 0.910 
262 150 246.266 1.219E+05 33.692 1.788 
263 150 283.798 3.687E+05 89.69 1.356 
264 150 296.699 1.630E+05 42.461 1.397 












266 156 8.762 1.059E+05 33.567 2.410 
267 156 14.040 1.204E+05 37.157 2.205 
268 156 35.738 3.091E+05 78.624 1.883 
269 156 94.381 4.118E+05 86.557 1.549 
270 156 133.672 2.217E+05 59.665 1.932 
271 156 236.883 9.397E+04 32.632 1.905 
272 156 253.890 2.297E+05 54.628 0.918 
273 156 302.564 3.785E+05 78.603 1.445 
274 156 316.052 9.651E+04 33.515 2.620 
275 162 5.830 1.365E+05 39.623 1.134 
276 162 20.490 1.682E+05 46.671 1.012 
277 162 31.046 4.462E+05 83.174 1.387 
278 162 38.083 3.400E+05 68.237 1.212 
279 162 46.880 2.978E+05 66.076 0.616 
280 162 52.158 2.334E+05 58.706 1.621 
281 162 55.676 1.557E+05 48.828 0.703 
282 162 64.473 3.784E+05 90.477 1.268 
283 162 100.831 3.033E+05 84.193 2.085 
284 162 104.936 2.675E+05 68.528 2.015 
285 162 123.702 5.557E+05 111.531 2.219 
286 162 164.166 2.018E+05 54.82 1.905 
287 162 176.481 3.224E+05 81.11 2.239 
288 162 219.291 1.820E+05 45.78 1.804 
289 162 223.396 3.532E+05 90.5 1.038 
290 162 230.433 1.087E+05 34.101 1.600 
291 162 243.334 9.938E+04 31.162 2.997 
292 162 249.785 1.209E+05 35.959 1.780 
293 162 313.120 8.615E+04 28.651 2.223 
294 162 349.478 1.852E+05 46.568 3.460 
295 162 356.515 2.562E+05 57.634 1.335 
296 168 26.355 2.562E+05 61.311 2.083 
297 168 118.424 3.802E+05 95.93 1.648 
298 168 138.363 1.797E+05 43.005 1.625 
299 168 170.617 5.706E+05 112.787 1.049 
300 168 197.006 1.952E+05 63.952 1.522 
301 168 200.525 4.324E+05 91.962 0.834 
302 168 212.840 3.307E+05 73.269 1.911 












304 168 248.026 1.449E+05 42.451 1.717 
305 168 275.001 1.990E+05 54.389 2.429 
306 168 278.520 1.682E+05 44.075 2.771 
307 168 283.212 2.577E+05 58.804 1.345 
308 168 297.872 1.038E+05 31.203 1.597 
309 168 340.095 3.009E+05 74.549 1.021 
310 174 5.243 1.760E+05 49.34 1.038 
311 174 21.663 2.366E+05 63.389 1.290 
312 174 53.917 1.495E+05 46.561 1.392 
313 174 55.676 1.962E+05 53.732 0.827 
314 174 66.818 1.824E+05 60.49 2.352 
315 174 75.028 5.173E+05 105.104 1.574 
316 174 79.133 2.612E+05 71.543 1.754 
317 174 112.560 6.381E+05 111.597 1.852 
318 174 135.431 1.309E+05 42.035 2.518 
319 174 154.197 2.958E+05 66.159 2.102 
320 174 168.271 2.010E+05 57.75 2.408 
321 174 237.470 1.554E+05 44.63 1.748 
322 180 33.392 3.057E+05 85.692 1.154 
323 180 49.812 2.066E+05 57.92 0.706 
324 180 63.300 2.205E+05 58.928 1.191 
325 180 71.510 2.398E+05 61.357 3.069 
326 180 84.411 5.897E+05 121.558 2.218 
327 180 89.689 1.189E+06 176.907 1.850 
328 180 95.554 2.579E+05 76.213 2.388 
329 180 132.499 1.663E+05 43.459 2.233 
330 180 150.678 2.089E+05 48.617 2.441 
331 180 158.888 1.735E+05 43.476 2.902 
332 180 182.345 1.382E+05 37.804 3.271 
333 180 186.450 1.442E+05 39.419 1.999 
334 180 195.833 3.939E+05 73.612 0.671 
335 180 200.525 1.543E+05 41.219 0.794 
336 180 207.562 1.699E+05 40.983 1.828 
337 180 210.494 1.924E+05 48.23 1.582 
338 180 221.636 1.038E+05 33.585 2.271 
339 180 226.914 1.779E+05 45.504 1.316 
340 180 230.433 1.024E+05 33.14 1.618 












342 180 256.822 1.873E+05 42.159 1.750 
343 180 264.446 1.495E+05 36.057 1.818 
344 180 268.551 1.727E+05 39.509 1.841 
345 180 289.076 9.405E+04 30.423 2.605 
346 180 311.360 1.942E+05 43.708 1.645 
347 180 316.052 3.443E+05 64.34 1.104 
348 180 323.089 1.533E+05 37.672 3.668 
349 180 328.953 8.628E+04 27.908 1.429 
350 180 340.682 1.330E+05 39.285 0.813 
351 186 38.083 5.725E+05 109.695 1.647 
352 186 43.361 5.441E+05 99.403 1.703 
353 186 77.374 2.347E+05 68.96 2.014 
354 186 104.350 2.319E+05 61.303 2.233 
355 186 106.696 2.418E+05 59.797 2.082 
356 186 126.634 3.366E+05 70.998 2.009 
357 186 163.580 2.108E+05 48.246 1.759 
358 186 178.240 2.160E+05 46.994 1.199 
359 186 291.422 1.257E+05 35.882 1.715 
360 186 306.082 1.891E+05 43.276 1.129 
361 186 356.515 2.400E+06 231.399 0.520 
362 186 359.448 5.606E+05 122.024 2.312 
363 192 4.657 7.396E+05 153.721 1.031 
364 192 11.694 4.087E+05 95.311 2.585 
365 192 14.626 4.290E+05 91.896 0.855 
366 192 22.250 3.939E+05 87.132 1.246 
367 192 25.182 5.141E+05 96.118 1.364 
368 192 32.805 3.488E+05 88.124 0.914 
369 192 49.225 2.239E+05 62.227 1.089 
370 192 56.849 2.631E+05 66.477 1.503 
371 192 62.127 2.881E+05 65.959 1.010 
372 192 129.567 3.650E+05 85.11 2.313 
373 192 137.190 1.450E+05 40.287 1.282 
374 192 142.468 5.864E+05 97.607 1.881 
375 192 173.549 3.202E+05 62.938 1.679 
376 192 188.796 2.026E+05 49.071 2.034 
377 192 243.334 1.895E+05 50.1 2.517 
378 192 248.612 2.041E+05 50.468 1.936 












380 192 330.126 2.245E+05 53.34 1.181 
381 192 332.472 2.264E+05 48.479 1.736 
382 198 226.328 3.664E+05 67.913 1.014 
383 198 276.174 3.311E+05 57.22 0.698 
384 198 280.279 1.775E+05 40.038 2.562 
385 198 304.909 2.131E+05 48.984 1.210 
386 198 337.750 1.496E+05 39.204 1.463 
387 198 341.855 2.027E+05 48.507 1.479 
388 198 346.546 1.697E+05 49.716 1.565 
389 204 5.830 3.330E+05 98.977 1.306 
390 204 14.626 3.882E+05 89.897 0.484 
391 204 122.529 2.192E+05 65.147 2.104 
392 204 136.017 1.564E+05 42.838 1.132 
393 204 148.332 1.958E+05 48.967 1.353 
394 204 178.240 2.056E+05 51.401 1.343 
395 204 194.660 1.556E+05 40.633 2.112 
396 204 198.765 1.370E+05 36.62 1.891 
397 204 204.043 2.743E+05 53.816 0.910 
398 204 208.735 1.004E+05 31.736 1.966 
399 204 212.253 1.411E+05 37.697 1.952 
400 204 221.050 3.618E+05 70.994 1.219 
401 204 234.538 2.053E+05 49.328 1.747 
402 204 238.643 1.397E+05 41.506 1.948 
403 204 257.995 1.697E+05 44.316 2.117 
404 204 267.964 3.192E+05 59.647 1.240 
405 204 291.422 1.148E+05 35.162 1.159 
406 210 1.725 2.685E+05 73.554 3.093 
407 210 20.490 1.948E+05 56.26 1.579 
408 210 37.497 3.182E+05 87.178 1.241 
409 210 111.974 1.396E+05 44.161 0.895 
410 210 120.770 6.339E+05 133.231 1.444 
411 210 154.197 1.201E+05 33.742 1.255 
412 210 240.402 2.566E+05 58.382 0.880 
413 210 245.680 2.371E+05 58.101 1.270 
414 210 250.371 2.812E+05 59.092 1.081 
415 210 255.649 3.343E+05 62.463 1.425 
416 210 262.686 2.383E+05 50.817 1.282 












418 210 276.761 2.216E+05 49.567 0.553 
419 210 295.527 1.850E+05 47.256 2.636 
420 216 28.114 5.651E+05 113.636 1.790 
421 216 165.339 6.546E+05 111.955 2.146 
422 216 292.008 1.753E+05 41.933 0.874 
423 216 300.804 2.001E+05 43.552 1.709 
424 216 305.496 1.679E+05 41.954 0.733 
425 216 313.120 1.527E+05 39.054 0.634 
426 216 320.157 2.258E+05 43.505 2.241 
427 216 333.645 1.554E+05 37.982 1.273 
428 216 337.750 1.646E+05 40.214 1.276 
429 216 345.373 1.449E+05 38.953 1.151 
430 216 347.719 2.353E+05 48.008 1.332 
431 216 363.553 3.624E+05 70.218 1.798 
432 222 8.175 3.058E+05 64.252 2.016 
433 222 11.107 2.677E+05 65.588 2.450 
434 222 35.738 1.074E+06 174.423 1.011 
435 222 40.429 1.901E+06 291.194 1.474 
436 222 43.361 6.846E+05 174.967 2.209 
437 222 45.707 9.267E+05 203.995 1.991 
438 222 48.053 1.900E+06 293.392 1.423 
439 222 53.331 1.450E+06 256.465 1.648 
440 222 55.676 1.911E+06 290.55 1.384 
441 222 60.954 1.301E+06 252.148 2.392 
442 222 70.337 9.385E+05 225.583 2.540 
443 222 73.269 1.063E+06 223.374 2.174 
444 222 78.547 1.096E+06 196.008 1.570 
445 222 80.893 3.888E+05 119.109 1.747 
446 222 82.652 8.981E+05 176.259 1.282 
447 222 96.726 1.249E+06 191.359 0.950 
448 222 103.177 6.248E+05 122.615 2.715 
449 222 107.282 3.081E+05 80.492 3.208 
450 222 111.974 1.026E+06 191.717 0.794 
451 222 114.906 2.455E+05 65.638 2.086 
452 222 117.252 4.043E+05 90.461 1.814 
453 222 130.153 5.244E+05 99.157 1.785 
454 222 133.085 4.632E+05 97.342 2.126 












456 222 142.468 2.527E+05 71.033 2.569 
457 222 148.919 3.932E+05 86.549 1.271 
458 222 155.370 4.908E+05 98.872 1.026 
459 222 158.302 2.088E+05 60.293 2.992 
460 222 168.271 4.547E+05 94.183 2.263 
461 222 172.962 5.650E+05 103.212 2.014 
462 222 177.654 5.533E+05 109.988 1.255 
463 222 182.345 6.258E+05 108.456 1.897 
464 222 187.623 5.131E+05 94.786 2.113 
465 222 199.938 2.230E+05 64.394 2.357 
466 222 202.870 6.870E+05 114.57 1.092 
467 222 209.321 4.348E+05 83.207 1.175 
468 222 214.599 3.986E+05 78.205 1.246 
469 222 228.087 1.918E+05 50.085 2.634 
470 222 236.883 2.834E+05 60.452 1.680 
471 222 240.402 2.307E+05 54.403 0.718 
472 228 18.731 5.431E+05 95.08 0.972 
473 228 21.077 1.457E+05 46.077 1.936 
474 228 25.768 2.146E+05 56.058 2.216 
475 228 65.646 2.055E+06 312.411 1.483 
476 228 88.516 1.208E+06 216.013 1.389 
477 228 94.967 1.623E+06 256.747 0.940 
478 228 121.943 5.651E+05 113.859 0.963 
479 228 144.814 4.747E+05 106.205 1.982 
480 228 161.234 4.726E+05 99.313 2.005 
481 228 194.074 9.616E+05 143.985 1.095 
482 228 212.840 1.914E+05 55.272 2.011 
483 228 223.396 5.834E+05 93.07 0.963 
484 228 231.019 1.923E+05 47.123 2.630 
485 228 246.266 1.994E+05 46.167 1.252 
486 228 250.958 1.297E+05 37.449 1.650 
487 228 260.927 1.035E+05 30.751 2.389 
488 228 271.483 1.520E+05 39.694 3.267 
489 228 306.082 1.328E+05 38.337 1.091 
490 228 309.014 1.167E+05 34.663 2.776 
491 228 313.120 1.145E+05 36.194 1.216 
492 228 315.465 3.507E+05 60.756 0.889 












494 228 331.885 3.195E+05 55.926 0.874 
495 228 344.200 9.624E+04 30.426 1.775 
496 228 355.929 1.298E+05 35.555 2.428 
497 234 279.107 6.812E+05 84.757 0.782 
498 234 291.422 3.638E+05 76.449 1.265 
499 234 297.286 1.840E+05 46.997 2.475 
500 234 302.564 1.792E+05 46.808 1.834 
501 240 16.385 3.000E+05 69.458 1.915 
502 240 111.387 2.966E+05 75.773 1.618 
503 240 120.770 2.001E+05 57.783 1.529 
504 240 140.122 4.802E+05 107.443 1.290 
505 240 152.437 3.666E+05 93.679 1.861 
506 240 276.761 1.234E+05 35.627 2.322 
507 246 67.991 1.377E+06 178.356 0.870 
508 246 192.315 1.333E+05 38.586 2.300 
509 246 337.750 3.080E+05 58.879 1.854 
510 252 9.348 4.777E+05 82.394 0.664 
511 252 70.923 5.156E+05 117.994 2.209 
512 252 75.028 7.184E+05 138.973 1.865 
513 252 77.961 5.164E+05 106.133 1.997 
514 252 83.238 5.086E+05 109.982 1.838 
515 252 87.930 7.059E+05 131.04 1.612 
516 252 92.621 1.135E+06 175.144 0.998 
517 252 115.492 1.414E+05 41.771 2.467 
518 252 121.943 1.588E+05 41.671 1.127 
519 252 133.085 1.999E+05 47.679 2.054 
520 252 143.054 3.140E+05 59.862 1.776 
521 252 146.573 2.870E+05 65.668 2.362 
522 252 150.678 1.608E+05 43.339 1.953 
523 252 160.061 1.677E+05 39.143 1.703 
524 252 175.308 4.528E+05 80.907 1.750 
525 252 182.932 3.287E+05 57.337 1.400 
526 252 201.111 3.152E+05 60.091 1.419 
527 252 208.735 2.116E+05 46.589 2.059 
528 252 211.667 1.148E+05 32.818 2.720 
529 252 216.358 3.456E+05 61.748 2.032 
530 252 223.396 2.438E+05 46.474 1.580 












532 252 238.056 2.864E+05 47.288 1.422 
533 252 250.958 9.884E+04 29.178 2.540 
534 252 255.649 1.407E+05 32.831 1.824 
535 252 328.367 4.143E+05 66.379 1.648 
536 252 333.645 1.264E+05 30.822 2.633 
537 252 342.441 2.018E+05 40.799 1.837 
538 252 354.170 2.457E+05 51.314 2.135 
539 258 14.040 1.363E+05 37.326 2.763 
540 258 38.670 4.558E+05 101.947 2.477 
541 258 98.486 6.380E+05 125.333 1.156 
542 258 104.350 4.578E+05 95.554 1.273 
543 258 136.604 1.863E+05 47.222 1.914 
544 258 166.512 2.689E+05 50.67 1.879 
545 258 171.203 1.024E+05 30.69 1.913 
546 258 361.207 3.407E+05 67.883 252.436 
547 264 7.002 1.175E+05 34.108 2.740 
548 264 9.935 1.826E+05 46.295 1.152 
549 264 21.663 4.476E+05 75.081 1.780 
550 264 27.528 8.135E+05 105.708 1.610 
551 264 33.392 4.776E+05 83.67 1.363 
552 264 43.948 1.618E+05 46.993 1.912 
553 264 118.424 2.275E+05 51.834 0.875 
554 264 129.567 5.237E+05 91.758 2.071 
555 264 196.420 3.490E+05 78.055 2.266 
556 264 253.304 2.529E+05 56.55 1.388 
557 264 289.662 4.522E+05 75.059 2.059 
558 264 348.892 2.123E+05 44.291 1.600 
559 264 357.102 1.167E+05 31.945 3.045 
560 270 152.437 1.178E+05 30.788 1.675 
561 270 156.542 1.808E+05 41.812 2.587 
562 270 170.030 1.039E+05 28.81 1.684 
563 270 240.402 1.093E+05 29.4 2.615 
564 276 35.151 1.531E+05 41.194 1.990 
565 276 41.602 7.327E+05 96.495 1.035 
566 276 47.466 2.764E+05 56.94 2.803 
567 276 50.985 3.226E+05 58.834 2.351 
568 276 55.090 2.739E+05 52.118 2.063 












570 276 66.232 1.319E+05 34.467 2.781 
571 276 70.337 2.104E+05 47.643 1.719 
572 276 73.856 2.148E+05 52.009 2.425 
573 276 79.133 5.061E+05 83.714 1.445 
574 276 82.652 4.088E+05 76.662 1.745 
575 276 89.689 6.878E+05 96.924 1.446 
576 276 92.621 3.967E+05 74.4 1.638 
577 276 97.899 4.394E+05 82.413 1.241 
578 276 100.831 2.721E+05 65.889 1.992 
579 276 104.350 2.238E+05 55.515 1.436 
580 276 114.906 1.427E+05 37.314 2.233 
581 276 117.838 1.694E+05 44.295 1.230 
582 276 123.116 3.024E+05 61.247 1.934 
583 276 138.363 1.238E+05 35.437 2.630 
584 276 160.061 1.897E+05 39.079 1.727 
585 276 176.481 1.579E+05 35.743 2.175 
586 276 201.111 2.445E+05 52.207 0.782 
587 276 233.365 3.013E+05 57.323 3.407 
588 276 345.373 2.172E+05 43.261 1.023 
589 282 17.558 2.369E+05 49.284 2.857 
590 282 136.017 1.508E+05 40.246 1.263 
591 282 172.962 1.067E+05 30.328 2.274 
592 282 180.000 1.795E+05 41.195 1.333 
593 282 249.199 8.963E+04 25.458 2.622 
594 282 252.717 1.287E+05 33.383 1.724 
595 282 330.712 2.809E+05 48.293 2.456 
596 288 110.214 1.978E+05 47.516 2.406 
597 288 150.678 1.688E+05 46.455 2.492 
598 288 153.024 1.161E+05 32.98 1.984 
599 288 191.142 8.271E+05 95.478 0.715 
600 288 198.179 1.582E+05 43.533 2.692 
601 288 201.698 1.789E+05 46.416 0.904 
602 288 207.562 2.138E+05 49.08 1.199 
603 288 210.494 1.642E+05 42.612 2.695 
604 288 228.673 3.879E+05 64.378 1.876 
605 288 242.748 1.111E+05 28.806 2.663 
606 288 246.853 2.481E+05 46.829 1.608 












608 288 260.927 4.660E+05 62.674 2.443 
609 288 305.496 1.474E+05 31.213 1.893 
610 288 312.533 1.157E+05 27.774 3.006 
611 288 349.478 1.552E+05 33.502 1.761 
612 288 353.583 3.644E+05 51.787 1.428 
613 294 24.595 2.082E+05 40.696 0.682 
614 294 58.022 9.935E+04 27.456 2.304 
615 294 105.523 3.035E+05 64.604 1.705 
616 294 135.431 2.256E+05 47.155 0.727 
617 294 147.746 5.171E+05 90.456 1.945 
618 294 158.302 3.158E+05 71.304 2.186 
619 294 161.820 3.944E+05 75.957 1.486 
620 294 217.531 3.453E+05 61.96 2.289 
621 294 223.396 1.515E+05 38.438 2.307 
622 294 284.384 1.489E+05 32.935 1.269 
623 294 317.811 1.681E+05 35.764 1.921 
624 294 345.373 9.939E+04 27.467 1.761 
625 300 100.831 1.943E+05 42.174 1.223 
626 300 113.146 3.016E+05 55.656 0.534 
627 300 121.943 3.808E+05 81.154 1.609 
628 300 126.048 1.430E+05 36.297 3.133 
629 300 142.468 2.524E+05 47.228 0.893 
630 300 168.857 1.161E+05 26.774 2.408 
631 300 174.135 2.196E+05 44.387 1.549 
632 300 180.000 2.808E+05 51.807 1.059 
633 300 195.833 2.135E+05 52.852 1.960 
634 300 206.389 1.409E+05 36.746 1.074 
635 300 221.050 2.986E+05 61.395 1.810 
636 300 339.509 2.741E+05 52.03 1.766 
637 306 24.595 8.528E+04 24.356 0.914 
638 306 42.775 1.524E+05 37.718 2.768 
639 306 53.331 2.226E+05 41.638 1.744 
640 306 60.368 4.178E+05 60.211 1.091 
641 306 130.153 1.070E+05 30.556 3.102 
642 306 201.111 2.658E+05 60.057 1.296 
643 306 301.977 1.686E+05 36.598 2.439 
644 306 307.842 5.117E+05 85.425 1.999 












646 312 73.269 1.619E+05 37.452 2.823 
647 312 82.652 1.384E+05 32.013 2.159 
648 312 113.733 2.402E+05 58.066 1.091 
649 312 133.085 1.181E+05 34.576 1.234 
650 312 143.641 2.543E+05 57.672 1.469 
651 312 154.783 2.033E+05 42.79 1.293 
652 312 246.853 9.558E+05 115.561 0.727 
653 312 250.371 6.606E+05 101.949 1.890 
654 312 255.649 1.248E+06 128.19 0.467 
655 312 268.551 5.164E+05 81.998 2.411 
656 312 272.656 4.198E+05 67.32 2.409 
657 312 279.693 2.412E+05 51.689 2.283 
658 312 283.798 1.485E+05 39.664 1.649 
659 312 290.249 1.132E+05 33.14 2.210 
660 312 292.594 1.678E+05 38.823 2.006 
661 312 304.909 9.882E+04 28.915 2.612 
662 312 314.879 2.111E+05 42.977 1.783 
663 312 319.570 1.775E+05 38.73 1.100 
664 312 327.194 1.355E+05 35.228 1.600 
665 312 334.817 1.956E+05 40.489 1.610 
666 318 37.497 1.153E+05 29.227 3.434 
667 318 62.713 1.302E+05 31.465 1.704 
668 318 106.696 1.890E+05 47.934 2.346 
669 318 110.801 1.326E+05 38.831 2.241 
670 318 123.116 3.530E+05 70.806 1.398 
671 318 136.017 1.885E+05 43.643 2.024 
672 318 146.573 2.703E+05 60.128 2.255 
673 318 175.895 3.359E+05 61.813 1.380 
674 318 191.142 2.799E+05 46.808 1.653 
675 318 194.660 1.881E+05 45.488 1.618 
676 318 198.765 1.525E+05 40.755 1.927 
677 318 203.457 1.790E+05 43.287 1.728 
678 318 208.148 1.366E+05 38.739 1.959 
679 318 211.080 1.289E+05 35.454 3.194 
680 318 214.013 1.348E+05 37.064 2.054 
681 318 227.501 1.602E+05 37.075 1.882 
682 318 236.883 9.951E+04 29.13 3.172 












684 318 350.065 2.818E+05 52.56 2.208 
685 324 10.521 1.641E+05 33.799 3.665 
686 324 33.392 1.870E+05 36.033 1.712 
687 324 102.591 1.128E+05 31.748 1.619 
688 324 118.424 2.879E+05 55.48 1.543 
689 324 132.499 3.659E+05 76.784 1.010 
690 324 162.993 1.307E+05 31.081 2.585 
691 324 201.111 2.029E+05 48.268 1.685 
692 324 254.476 3.959E+05 76.3 1.292 
693 324 287.903 1.421E+05 36.493 2.280 
694 324 297.286 1.729E+05 36.961 1.471 
695 324 317.811 9.317E+04 26.207 1.823 
696 324 322.502 1.494E+05 35.522 2.646 
697 324 330.126 2.089E+05 39.641 2.152 
698 324 352.997 1.254E+05 29.811 2.842 
699 324 360.034 1.520E+05 33.735 303.811 
700 330 84.998 2.151E+05 44.334 1.558 
701 330 155.370 1.186E+05 33.971 1.367 
702 330 166.512 3.232E+05 57.455 1.761 
703 330 184.691 3.276E+05 53.042 1.542 
704 330 206.389 3.211E+05 63.011 1.537 
705 330 216.945 5.470E+05 82.64 0.915 
706 330 241.575 1.372E+05 36.923 1.451 
707 330 326.021 1.966E+05 50.058 1.201 
708 330 337.750 3.083E+05 55.513 1.718 
709 330 340.682 1.877E+05 41.668 2.414 
710 330 344.200 1.313E+05 32.586 2.284 
711 330 346.546 1.382E+05 34.281 2.183 
712 336 4.657 1.464E+05 35.082 3.362 
713 336 25.768 1.932E+05 39.652 2.275 
714 336 53.331 1.836E+05 42.128 2.587 
715 336 100.831 1.738E+05 40.739 1.553 
716 336 112.560 2.054E+05 47.137 1.691 
717 336 120.770 5.100E+05 93.046 1.608 
718 336 133.085 1.609E+05 43.876 0.846 
719 336 143.054 3.697E+05 67.437 1.336 
720 336 173.549 2.310E+05 49.985 1.523 












722 336 215.186 1.404E+05 39.472 2.029 
723 336 239.229 1.509E+05 38.929 1.658 
724 336 265.032 1.332E+05 33.474 1.829 
725 336 284.971 1.584E+05 39.826 2.408 
726 342 45.707 1.704E+05 34.935 1.607 
727 342 50.398 2.405E+05 47.642 1.802 
728 342 70.337 1.926E+05 37.53 2.756 
729 342 78.547 1.704E+05 31.693 1.593 
730 342 150.678 5.010E+05 85.986 2.582 
731 342 156.542 5.522E+05 115.36 1.502 
732 342 228.673 2.530E+05 46.393 1.417 
733 342 281.452 3.045E+05 55.849 1.862 
734 342 295.527 1.839E+05 37.051 1.633 
735 342 314.879 1.408E+05 34.142 1.530 
736 342 325.435 4.608E+05 96.262 1.214 
737 348 83.238 1.333E+05 29.521 1.864 
738 348 106.696 2.100E+05 47.519 1.826 
739 348 116.079 2.273E+05 56.596 2.690 
740 348 124.289 1.904E+05 44.04 2.763 
741 348 128.394 1.981E+05 44.822 2.898 
742 348 133.672 1.554E+05 39.744 0.678 
743 348 168.271 3.300E+05 56.63 1.593 
744 348 189.969 1.715E+05 33.407 1.684 
745 348 241.575 1.328E+05 30.7 1.356 
746 354 96.140 4.135E+05 64.109 1.533 
747 354 139.536 2.664E+05 54.633 1.446 
748 354 174.722 2.699E+05 59.796 1.549 
749 354 183.518 3.793E+05 52.699 1.260 
750 354 197.593 1.988E+05 48.246 1.767 
751 354 216.945 1.299E+05 32.323 2.094 
752 354 238.643 2.980E+05 62.235 1.438 
753 354 275.588 2.013E+05 42.035 1.869 
754 354 317.811 2.481E+05 52.801 2.471 
755 354 350.065 2.607E+05 51.643 2.824 
756 360 109.041 1.912E+05 46.382 1.995 
757 360 136.604 1.439E+05 39.015 2.561 
758 360 154.197 1.693E+05 40.077 2.597 












760 360 165.339 1.310E+05 30.297 2.659 
761 360 178.827 1.428E+05 32.304 2.190 
762 360 199.352 1.398E+05 37.908 2.042 
763 360 206.389 1.365E+05 33.109 2.866 
764 360 249.785 3.557E+05 65.26 1.483 
765 360 257.995 1.357E+05 32.115 2.482 
766 360 265.032 3.625E+05 70.669 1.895 
767 360 289.662 4.211E+05 63.377 2.085 
768 360 297.286 1.181E+05 29.387 2.024 
769 360 301.391 1.010E+05 28.295 1.301 
770 360 310.774 3.216E+05 55.172 1.680 
771 360 314.292 2.138E+05 48.379 1.631 
772 360 320.743 3.057E+05 62.697 2.386 
773 360 324.848 4.553E+05 72.085 1.137 
774 360 328.953 4.243E+05 66.466 2.142 
775 360 332.472 3.425E+05 59.525 2.405 
776 360 335.990 5.323E+05 73.976 1.884 
777 360 340.682 1.690E+05 40.013 1.566 
778 360 342.441 2.995E+05 54.167 1.192 
779 360 346.546 2.632E+05 49.716 2.350 
780 360 354.756 2.336E+05 51.739 1.344 
781 360 357.688 2.260E+05 51.141 1.771 
782 366 22.836 1.494E+05 37.473 3.579 
783 366 26.355 2.767E+05 49.073 1.213 
784 366 30.460 2.851E+05 47.384 1.049 
785 366 38.083 3.825E+05 65.185 1.964 
786 366 43.361 1.692E+05 39.289 2.495 
787 366 46.293 1.498E+05 35.64 2.187 
788 366 50.398 1.203E+05 29.349 1.666 
789 366 52.158 1.149E+05 28.814 1.586 
790 366 58.022 1.173E+05 27.887 2.649 
791 366 75.028 9.178E+04 24.4 2.617 
792 366 98.486 1.315E+05 32.102 1.872 
793 366 103.177 2.151E+05 45.772 1.757 
794 366 113.733 3.603E+05 73.812 1.762 
795 366 131.912 2.864E+05 58.667 2.086 
796 366 141.295 1.610E+05 39.297 1.443 












798 366 172.962 1.497E+05 39.809 2.291 
799 366 308.428 3.197E+05 50.709 1.398 
800 372 3.484 4.703E+05 73.021 1.806 
801 372 7.589 2.238E+05 51.977 2.147 
802 372 9.935 2.922E+05 55.845 1.715 
803 372 17.558 4.327E+05 73.751 0.700 
804 372 65.059 2.752E+05 51.769 1.166 
805 372 78.547 3.821E+05 62.022 1.108 
806 372 120.770 1.990E+05 46.215 1.129 
807 372 144.814 2.027E+05 52.306 2.461 
808 372 175.308 3.692E+05 80.213 1.592 
809 372 209.321 2.438E+05 46.584 1.800 
810 372 222.223 4.459E+05 71.546 2.256 
811 372 225.741 3.102E+05 50.93 0.714 
812 372 277.347 2.286E+05 43.001 1.671 
813 372 301.977 2.100E+05 40.126 0.732 
814 372 355.929 4.304E+05 69.856 0.975 
815 378 134.844 3.258E+05 61.286 1.899 
816 378 160.647 1.470E+05 35.878 1.416 
817 378 201.698 4.547E+05 75.591 1.759 
818 378 234.538 6.486E+05 85.631 1.633 
819 378 238.056 2.821E+05 52.249 1.629 
820 378 242.748 3.606E+05 57.85 1.839 
821 378 246.266 2.173E+05 43.686 1.685 
822 378 248.612 2.310E+05 46.446 1.704 
823 378 254.476 2.891E+05 52.759 2.319 
824 378 260.341 2.343E+05 47.983 2.252 
825 378 263.273 2.154E+05 46.778 1.744 
826 378 269.724 3.615E+05 54.4 1.465 
827 378 280.866 1.321E+05 33.121 2.542 
828 378 316.052 1.291E+05 29.968 1.776 
829 378 372.349 2.433E+06 226.299 2.415 
830 384 14.040 5.390E+05 128.301 2.391 
831 384 17.558 1.071E+06 170.039 0.574 
832 384 25.768 4.161E+05 99.047 1.873 
833 384 28.700 3.869E+05 89.876 2.280 
834 384 31.046 5.902E+05 104.705 1.140 












836 384 51.571 6.359E+05 117.847 1.284 
837 384 55.676 7.694E+05 113.583 1.088 
838 384 63.886 4.142E+05 77.935 1.049 
839 384 67.991 2.779E+05 59.141 1.947 
840 384 70.337 1.708E+05 44.08 2.556 
841 384 95.554 1.448E+05 38.523 2.616 
842 384 104.350 3.723E+05 66.982 1.312 
843 384 108.455 4.144E+05 74.564 1.546 
844 384 115.492 1.499E+05 41.175 2.656 
845 384 119.597 2.193E+05 49.754 1.216 
846 384 124.289 2.580E+05 50.983 2.265 
847 384 128.980 1.516E+05 39.111 2.421 
848 384 142.468 4.286E+05 84.717 1.189 
849 384 152.437 2.835E+05 57.027 2.268 
850 384 169.444 3.057E+05 67.842 1.449 
851 384 179.413 1.680E+05 35.044 1.715 
852 384 185.864 1.204E+05 31.072 3.046 
853 384 194.660 2.568E+05 52.591 1.426 
854 384 213.426 1.621E+05 35.968 2.919 
855 384 218.704 3.992E+05 57.285 1.353 
856 384 225.741 1.116E+05 30.643 1.124 
857 384 284.971 1.402E+05 34.223 1.553 
858 384 295.527 1.711E+05 37.156 1.795 
859 390 74.442 2.744E+05 57.269 1.921 
860 390 78.547 2.127E+05 51.935 1.439 
861 390 86.757 2.464E+05 50.469 3.230 
862 390 92.621 3.368E+05 59.733 1.799 
863 390 98.486 1.954E+05 46.504 2.239 
864 390 112.560 4.355E+05 83.26 1.249 
865 390 158.888 2.604E+05 49.761 1.219 
866 390 171.203 2.667E+05 63.468 1.952 
867 396 45.707 4.495E+05 102.021 2.493 
868 396 137.777 1.651E+05 40.31 1.181 
869 396 162.407 1.299E+05 30.892 1.978 
870 396 166.512 3.449E+05 67.02 2.506 
871 396 175.308 3.162E+05 58.582 1.411 
872 396 208.735 1.777E+05 42.27 2.035 












874 396 338.922 2.293E+05 53.257 1.323 
875 402 82.652 4.682E+05 74.195 2.326 
876 402 127.221 2.516E+05 54.593 2.165 
877 402 130.739 2.843E+05 57.12 2.072 
878 402 143.054 1.840E+05 43.738 1.723 
879 402 191.142 2.903E+05 55.418 2.226 
880 402 195.833 2.630E+05 50.215 1.529 
881 402 203.457 1.500E+05 37.578 2.689 
882 402 265.619 1.770E+05 44.349 1.739 
883 402 267.964 3.097E+05 59.129 1.172 
884 402 273.242 1.766E+05 41.971 1.401 
885 402 284.971 1.651E+05 40.252 1.198 
886 402 287.317 2.275E+05 47.423 1.574 
887 402 305.496 3.780E+05 77.339 2.309 
888 402 361.207 2.837E+05 58.064 258.872 
889 408 4.657 3.735E+05 65.892 1.719 
890 408 10.521 1.728E+05 43.725 3.407 
891 408 14.626 3.298E+05 61.829 1.457 
892 408 18.731 1.991E+05 50.403 2.475 
893 408 24.009 3.321E+05 66.721 1.844 
894 408 26.941 1.993E+05 53.714 2.901 
895 408 31.633 3.891E+05 76.753 1.535 
896 408 34.565 1.816E+05 48.945 3.176 
897 408 40.429 4.441E+05 77.271 1.162 
898 408 49.225 2.612E+05 53.464 2.171 
899 408 55.090 3.398E+05 61.734 1.304 
900 408 63.300 2.154E+05 49.051 1.907 
901 408 69.164 1.959E+05 45.712 2.125 
902 408 72.683 1.557E+05 40.62 2.462 
903 408 76.201 2.720E+05 48.69 1.402 
904 408 95.554 1.275E+06 147.961 0.619 
905 408 103.177 3.672E+05 83.658 2.174 
906 408 106.109 3.391E+05 77.237 2.409 
907 408 112.560 5.271E+05 80.27 0.730 
908 408 120.184 1.816E+05 43.476 2.326 
909 408 137.190 1.561E+05 36.424 1.179 
910 408 141.295 5.895E+05 92.782 1.294 












912 408 188.210 2.229E+05 41.121 1.367 
913 408 211.080 2.051E+05 41.184 1.433 
914 408 225.155 1.276E+05 31.378 1.112 
915 408 236.297 1.597E+05 35.518 1.720 
916 408 242.748 1.330E+05 32.694 1.931 
917 408 256.822 5.139E+05 76.64 0.528 
918 408 278.520 2.589E+05 52.991 1.648 
919 408 282.039 2.759E+05 54.414 1.226 
920 408 294.354 2.212E+05 46.161 1.562 
921 408 323.675 1.406E+06 167.313 1.182 
922 408 328.953 3.297E+05 76.955 3.194 
923 408 334.231 2.769E+05 61.614 3.383 
924 408 337.750 4.741E+05 93.535 1.183 
925 408 344.200 1.442E+05 38.85 1.980 
926 408 348.305 1.869E+05 41.576 1.255 
927 408 354.756 1.475E+05 37.339 1.837 
928 414 123.116 4.281E+05 68.956 1.766 
929 414 147.746 2.791E+05 54.091 1.426 
930 414 153.024 2.062E+05 41.407 1.612 
931 414 156.542 1.800E+05 36.144 1.784 
932 420 133.672 1.735E+05 38.922 2.962 
933 420 170.030 1.856E+05 34.572 2.216 
934 420 178.827 1.661E+05 37.247 3.321 
935 420 182.932 1.526E+05 30.003 1.428 
936 420 213.426 1.352E+05 32.897 2.698 
937 420 232.192 1.519E+05 39.349 1.275 
938 420 239.229 3.469E+05 64.634 2.160 
939 420 246.853 4.777E+05 79.889 2.407 
940 420 254.476 1.427E+06 168.856 1.010 
941 420 266.791 1.953E+06 232.631 0.913 
942 420 269.137 9.978E+05 160.367 1.517 
943 420 273.242 1.197E+06 173.37 1.130 
944 420 316.638 4.017E+05 90.151 2.123 
945 426 145.987 1.284E+05 31.217 1.803 
946 426 204.630 1.188E+05 30.763 2.333 
947 426 225.155 4.014E+05 63.677 1.060 
948 426 256.822 1.249E+06 179.05 1.026 












950 426 279.693 6.747E+05 138.232 1.980 
951 426 282.625 1.690E+06 228.805 1.032 
952 426 288.489 1.193E+06 196.833 1.908 
953 426 343.614 1.381E+06 183.641 0.578 
954 426 349.478 5.718E+05 104.764 1.530 
955 426 353.583 3.903E+05 89.865 1.954 
956 426 357.102 3.133E+05 76.239 2.546 
957 426 359.448 3.779E+05 80.847 2.100 
958 432 2.897 3.019E+05 71.222 2.479 
959 432 51.571 3.993E+05 76.919 2.404 
960 432 84.998 4.895E+05 79.491 1.210 
961 432 87.930 3.215E+05 65.675 1.368 
962 432 91.449 2.360E+05 59.056 2.797 
963 432 93.794 5.786E+05 85.398 1.482 
964 432 97.313 2.011E+05 48.816 2.086 
965 432 111.387 1.924E+05 48.144 2.864 
966 432 154.197 1.308E+05 30.017 2.075 
967 432 209.908 1.475E+05 35.8 0.846 
968 432 223.396 2.788E+05 51.808 1.226 
969 432 229.260 1.791E+05 43.474 2.565 
970 432 233.365 2.485E+05 54.267 1.288 
971 432 292.008 1.310E+06 202.459 1.137 
972 432 294.940 7.373E+05 153.926 1.982 
973 432 299.632 1.279E+06 181.118 0.809 
974 432 303.737 1.338E+06 206.713 1.900 
975 432 306.669 1.531E+06 221.219 1.533 
976 432 309.601 9.275E+05 154.778 1.657 
977 438 14.626 2.722E+06 258.378 0.699 
978 438 19.904 9.492E+05 140.102 1.190 
979 438 28.114 1.045E+06 154.207 1.526 
980 438 31.633 1.612E+06 173.396 0.624 
981 438 46.880 1.337E+06 137.902 0.636 
982 438 54.503 1.198E+06 114.843 0.492 
983 438 68.578 3.123E+05 52.589 1.356 
984 438 72.096 3.599E+05 60.621 0.831 
985 438 75.615 2.362E+05 52.432 1.294 
986 438 77.961 3.889E+05 64.536 1.149 












988 438 103.177 2.052E+05 46.783 2.802 
989 438 114.319 6.118E+05 82.096 1.621 
990 438 119.597 2.788E+05 50.081 1.958 
991 438 124.875 1.769E+05 39.257 2.890 
992 438 129.567 4.302E+05 67.531 1.394 
993 438 144.227 2.130E+05 38.93 1.502 
994 438 158.302 3.108E+05 49.436 1.679 
995 438 166.512 2.099E+05 36.461 2.488 
996 438 173.549 1.380E+05 29.109 2.389 
997 438 189.969 2.518E+05 40.601 0.968 
998 438 197.593 2.424E+05 42.106 1.258 
999 438 201.111 1.195E+05 29.839 3.041 
1000 438 311.947 8.358E+05 127.903 1.482 
1001 438 314.879 1.005E+06 162.142 1.273 
1002 444 86.757 6.112E+05 82.799 0.898 
1003 444 109.041 7.236E+05 99.014 1.708 
1004 444 137.777 1.770E+05 38.273 3.452 
1005 444 149.505 2.587E+05 42.281 1.792 
1006 444 182.932 1.323E+05 30.139 2.170 
1007 444 209.908 1.368E+05 34.144 0.874 
1008 444 293.181 6.186E+05 98.398 1.036 
1009 444 299.045 9.664E+05 127.25 0.658 
1010 444 316.638 7.498E+05 134.721 1.442 
1011 444 323.089 2.377E+06 249.557 1.601 
1012 444 328.953 1.176E+06 167.793 1.195 
1013 444 330.712 1.151E+06 169.796 1.210 
1014 444 334.231 1.497E+06 181.06 1.962 
1015 444 338.336 6.942E+05 118.746 2.280 
1016 444 341.268 9.739E+05 127.065 1.574 
1017 444 348.305 5.361E+05 103.748 1.589 
1018 450 66.818 4.502E+05 63.082 1.237 
1019 450 72.096 1.804E+05 36.134 1.019 
1020 450 76.201 2.000E+05 42.025 1.065 
1021 450 79.133 2.929E+05 45.875 0.967 
1022 450 97.899 2.298E+05 39.426 1.307 
1023 450 100.831 1.675E+05 32.811 1.073 
1024 450 131.326 2.265E+05 45.382 1.539 












1026 450 358.275 9.633E+05 123.247 176.867 
1027 450 360.620 3.505E+05 58.677 253.750 
1028 456 4.070 5.607E+05 86.926 1.962 
1029 456 9.935 6.962E+05 97.375 1.298 
1030 456 12.280 9.268E+05 109.745 0.951 
1031 456 20.490 2.509E+05 51.442 1.857 
1032 456 26.355 5.409E+05 78.438 1.700 
1033 456 31.633 6.066E+05 80.297 0.921 
1034 456 35.738 1.762E+05 40.385 3.312 
1035 456 38.670 2.651E+05 46.771 2.022 
1036 456 41.015 2.278E+05 40.96 2.037 
1037 456 46.293 2.961E+05 49.558 1.125 
1038 456 50.398 1.709E+05 34.189 2.306 
1039 456 53.917 4.296E+05 63.076 1.212 
1040 456 58.022 2.042E+05 38.212 2.505 
1041 456 60.954 1.726E+05 33.725 2.683 
1042 456 89.689 2.574E+05 44.602 2.026 
1043 456 141.295 1.728E+05 36.329 2.597 
1044 456 189.969 1.850E+06 195.907 0.642 
1045 456 198.765 7.448E+05 101.829 0.858 
1046 456 206.975 3.588E+05 62.171 1.817 
1047 456 211.667 5.406E+05 77.419 1.137 
1048 456 216.945 4.026E+05 68.553 1.647 
1049 456 221.050 3.731E+05 62.461 2.167 
1050 456 223.982 3.857E+05 65.67 1.369 
1051 456 230.433 5.383E+05 78.057 1.494 
1052 456 233.365 4.590E+05 73.274 1.237 
1053 456 239.229 4.800E+05 69.599 2.054 
1054 456 243.921 6.968E+05 86.969 2.347 
1055 456 249.199 4.531E+05 72.339 1.312 
1056 456 253.304 3.019E+05 61.903 2.374 
1057 456 257.995 2.539E+05 58.2 2.364 
1058 456 260.341 3.389E+05 69.492 2.131 
1059 456 263.273 2.627E+05 62.201 1.443 
1060 456 269.137 6.348E+05 101.355 1.895 
1061 456 273.242 3.862E+05 77.279 2.913 
1062 456 277.934 5.326E+05 86.35 1.248 












1064 456 307.255 3.179E+05 62.142 1.711 
1065 462 122.529 2.754E+05 44.383 2.391 
1066 468 127.221 2.913E+05 44.925 2.181 
1067 468 134.258 2.197E+05 39.728 2.972 
1068 468 144.227 7.551E+05 72.58 0.921 
1069 468 147.746 5.308E+05 67.898 1.640 
1070 468 153.024 3.964E+05 56.249 2.644 
1071 468 160.647 2.513E+05 44.524 1.716 
1072 468 177.067 5.616E+06 347.772 0.791 
1073 468 193.488 7.482E+05 82.894 1.051 
1074 468 263.859 1.049E+05 23.984 1.353 
1075 474 158.888 2.401E+05 48.032 1.928 
1076 474 165.339 4.228E+05 59.8 2.683 
1077 474 223.396 3.199E+05 44.664 1.145 
1078 474 233.951 1.650E+05 32.162 1.750 
1079 474 250.371 1.816E+05 29.908 1.656 
1080 474 255.063 1.829E+05 29.093 1.740 
1081 480 201.111 1.116E+05 24.027 3.272 
1082 480 206.975 2.866E+05 39.053 1.104 
1083 480 216.358 3.115E+05 41.424 1.365 
1084 480 219.291 1.445E+05 27.84 2.879 
1085 480 228.673 3.337E+05 44.382 1.546 
1086 480 236.883 2.075E+05 33.791 1.760 
1087 480 277.934 2.322E+05 33.824 1.421 
1088 480 316.638 1.502E+05 26.404 3.163 
1089 486 188.210 1.272E+05 24.502 2.044 
1090 498 362.380 9.744E+05 119.189 158.163 
1091 504 6.416 6.550E+05 112.165 3.624 
1092 504 10.521 8.831E+05 118.092 1.977 
1093 504 13.453 3.695E+05 76.733 3.498 
1094 504 16.972 4.033E+05 83.75 3.409 
1095 504 24.009 5.575E+05 91.869 2.112 
1096 504 33.978 2.535E+05 54.258 2.560 
1097 504 44.534 2.807E+05 47.117 1.210 
1098 504 55.090 7.674E+05 112.685 2.642 
1099 504 65.646 3.839E+05 68.527 2.396 
1100 504 70.337 4.417E+05 75.635 2.428 












1102 504 97.899 4.770E+05 96.257 1.780 
1103 504 100.831 4.726E+05 77.866 1.433 
1104 504 117.838 8.356E+05 116.068 2.183 
1105 504 144.814 1.614E+05 27.077 2.469 
1106 504 147.746 9.695E+04 20.725 2.716 
1107 504 182.932 4.495E+05 50.52 1.145 
1108 504 205.216 5.407E+05 83.143 2.294 
1109 504 209.321 8.483E+05 122.789 2.253 
1110 504 215.186 6.535E+05 97.407 1.526 
1111 504 226.328 6.595E+05 98.301 0.938 
1112 504 234.538 3.654E+05 68.264 1.595 
1113 504 236.883 5.476E+05 80.41 1.292 
1114 504 253.304 3.160E+05 65.621 1.188 
1115 504 257.409 2.340E+05 41.758 2.605 
1116 504 260.927 3.631E+05 64.812 1.522 
1117 504 272.069 2.931E+05 62.731 3.851 
1118 504 301.391 4.943E+05 74.805 2.341 
1119 504 321.916 4.072E+05 71.166 2.360 
1120 504 330.126 6.701E+05 103.046 2.489 
1121 504 345.960 1.029E+06 127.119 2.184 
1122 510 19.904 7.632E+05 133.395 2.732 
1123 510 26.355 6.205E+05 115.934 2.320 
1124 510 30.460 9.741E+05 133.57 2.645 
1125 510 39.843 1.087E+06 147.194 2.235 
1126 510 52.158 7.891E+05 106.833 2.230 
1127 510 59.781 3.814E+05 79.207 1.259 
1128 510 78.547 4.999E+05 85.605 4.486 
1129 510 86.757 1.120E+06 144.561 1.741 
1130 510 96.140 6.924E+05 103.205 1.396 
1131 510 110.214 5.408E+05 84.535 3.574 
1132 510 123.702 5.270E+05 75.197 0.655 
1133 510 171.790 1.931E+05 27.158 4.170 
1134 510 194.660 4.353E+05 70.432 2.493 
1135 510 225.155 4.760E+05 101.893 1.551 
1136 510 245.680 5.269E+05 88.465 2.311 
1137 510 266.791 3.971E+05 74.183 5.162 
1138 510 275.588 8.228E+05 115.826 2.756 












1140 510 286.144 1.531E+06 165.205 2.506 
1141 510 310.187 2.179E+06 198.944 2.337 
1142 510 335.404 3.036E+05 61.254 1.980 
1143 510 339.509 3.211E+05 64.782 2.424 
1144 510 351.238 3.845E+05 75.514 1.650 
1145 510 355.343 1.329E+06 153.515 1.875 
1146 510 358.861 4.305E+05 95.169 3.992 
1147 516 35.738 4.145E+05 86.08 2.348 
1148 516 43.361 5.735E+05 112.662 1.475 
1149 516 63.300 5.776E+05 107.916 2.228 
1150 516 73.269 1.077E+06 147.631 2.180 
1151 516 106.109 5.857E+05 109.438 3.345 
1152 516 185.864 3.516E+05 59.023 2.437 
1153 516 191.142 5.535E+05 83.769 2.506 
1154 516 199.352 1.065E+06 140.756 2.774 
1155 516 218.118 1.033E+06 167.229 2.153 
1156 516 222.223 1.093E+06 165.454 2.357 
1157 516 233.365 7.477E+05 111.449 1.109 
1158 516 240.988 9.084E+05 149.698 3.036 
1159 516 248.612 9.378E+05 128.592 1.912 
1160 516 253.890 4.719E+05 90.343 0.981 
1161 516 294.354 1.134E+06 138.762 1.493 
1162 516 297.286 3.550E+05 78.465 3.190 
1163 516 317.225 4.104E+05 71.72 2.977 
1164 516 333.645 4.134E+05 85.841 1.758 
1165 522 59.195 8.088E+05 163.243 0.977 
1166 522 84.411 4.438E+05 77.556 2.122 
1167 522 100.245 5.892E+05 126.126 1.565 
1168 522 114.906 7.070E+05 103.815 2.426 
1169 522 123.702 6.916E+05 123.479 0.652 
1170 522 130.739 1.560E+06 132.935 0.970 
1171 522 134.844 8.940E+05 127.592 1.504 
1172 522 150.678 2.304E+05 40.241 1.814 
1173 522 160.647 1.419E+05 26.486 2.863 
1174 522 261.514 1.183E+06 154.486 0.640 
1175 522 324.848 8.447E+05 110.296 2.313 
1176 522 341.855 7.170E+05 137.287 1.740 













1 6 89.689 1.106E+05 18.455 1.535 
2 6 84.411 1.686E+05 33.31 1.985 
3 6 298.459 2.074E+05 31.732 2.443 
4 6 279.693 1.736E+05 31.302 2.537 
5 6 164.166 9.657E+04 19.06 3.056 
6 6 263.859 1.321E+05 22.048 3.501 
7 6 143.054 7.845E+04 14.537 4.582 
8 12 120.770 3.994E+05 57.77 0.944 
9 12 248.612 3.710E+05 47.314 1.343 
10 12 109.628 5.041E+05 64.312 1.842 
11 12 72.096 1.632E+05 22.79 2.210 
12 12 45.120 2.269E+05 34.716 2.314 
13 12 356.515 3.513E+05 38.006 2.542 
14 12 33.978 1.421E+05 25.621 2.639 
15 12 59.195 3.111E+05 40.236 2.664 
16 12 196.420 1.778E+05 29.674 2.692 
17 12 191.142 3.370E+05 42.984 2.888 
18 12 313.120 1.350E+05 23.084 3.052 
19 12 329.540 7.553E+04 12.026 3.055 
20 12 267.964 2.790E+05 38.98 3.082 
21 12 282.625 4.719E+04 8.999 3.414 
22 18 151.265 1.415E+05 21.644 0.758 
23 18 87.344 2.518E+05 41.107 1.326 
24 18 231.606 2.303E+05 39.435 1.400 
25 18 79.720 2.436E+05 32.464 1.401 
26 18 174.135 5.056E+05 71.908 1.661 
27 18 102.004 3.812E+05 47.353 1.702 
28 18 287.903 2.793E+05 32.99 1.703 
29 18 317.811 2.577E+05 29.74 1.796 
30 18 227.501 1.843E+05 33.258 1.917 
31 18 132.499 9.420E+04 17.473 1.992 
32 18 179.413 3.011E+05 47.061 1.995 
33 18 209.321 1.690E+05 26.965 2.022 
34 18 237.470 2.251E+05 30.943 2.106 
35 18 36.324 1.210E+05 17.487 2.208 
36 18 242.161 4.046E+05 56.565 2.420 












38 18 203.457 1.812E+05 27.741 2.898 
39 18 117.252 2.804E+05 37.372 2.965 
40 18 309.014 9.853E+04 16.063 3.098 
41 18 138.949 1.699E+05 23.348 3.237 
42 18 349.478 1.141E+05 17.81 3.303 
43 18 170.030 2.795E+05 39.738 3.525 
44 24 120.770 9.207E+04 17.076 1.211 
45 24 259.168 1.073E+05 16.095 1.598 
46 24 198.765 1.467E+05 24.491 1.667 
47 24 345.373 9.463E+04 16.601 1.796 
48 24 83.238 3.050E+05 53.589 2.254 
49 24 104.350 2.807E+05 46.904 2.313 
50 24 177.067 3.088E+05 51.595 2.666 
51 24 30.460 2.090E+05 29.205 3.048 
52 24 18.145 2.239E+05 30.299 3.119 
53 24 8.175 3.271E+05 35.776 3.158 
54 24 338.922 1.127E+05 18.385 3.383 
55 30 151.851 3.065E+05 35.713 0.774 
56 30 226.328 3.298E+05 41.913 0.897 
57 30 248.612 2.431E+05 34.299 1.206 
58 30 231.019 3.188E+05 51.387 1.278 
59 30 291.422 4.517E+05 71.29 1.445 
60 30 111.387 2.034E+05 28.693 1.492 
61 30 12.280 1.252E+05 19.338 1.505 
62 30 276.174 1.790E+05 25.68 1.533 
63 30 86.171 4.179E+05 80.783 1.931 
64 30 211.080 1.978E+05 32.593 1.997 
65 30 239.816 8.650E+04 16.696 2.006 
66 30 165.925 2.806E+05 40.278 2.066 
67 30 77.961 2.072E+05 36.744 2.142 
68 30 94.967 3.765E+05 42.011 2.197 
69 30 43.361 3.096E+05 45.231 2.384 
70 30 75.028 1.180E+05 20.384 2.674 
71 30 271.483 1.888E+05 23.351 2.705 
72 30 135.431 1.506E+05 23.271 2.795 
73 30 62.713 9.749E+04 17.743 2.823 
74 30 245.680 1.833E+05 32.499 3.299 












76 36 197.593 5.209E+05 58.745 1.059 
77 36 98.486 1.911E+05 34.82 1.175 
78 36 346.546 2.652E+05 35.152 1.341 
79 36 174.135 1.893E+05 33.557 1.426 
80 36 147.746 7.041E+04 12.804 1.721 
81 36 55.090 2.170E+05 39.53 1.772 
82 36 132.499 8.439E+04 14.943 1.794 
83 36 300.218 1.240E+05 24.74 1.874 
84 36 22.250 1.064E+05 18.364 1.968 
85 36 235.711 3.414E+05 48.191 2.064 
86 36 303.150 3.264E+05 42.05 2.122 
87 36 205.803 2.293E+05 34.107 2.233 
88 36 219.291 3.370E+05 38.826 2.330 
89 36 311.947 3.182E+05 43.479 2.570 
90 36 67.991 2.485E+05 30.744 2.767 
91 36 188.796 3.032E+05 45.966 2.778 
92 36 27.528 7.324E+04 12.964 3.640 
93 42 317.225 1.272E+05 18.825 1.115 
94 42 334.231 1.842E+05 29.371 1.246 
95 42 87.344 2.552E+05 52.574 1.288 
96 42 290.835 4.260E+05 77.986 1.297 
97 42 56.263 3.189E+05 47.235 1.344 
98 42 158.302 5.526E+05 62.349 1.461 
99 42 279.693 7.064E+04 14.524 1.677 
100 42 351.824 6.633E+04 12.112 1.854 
101 42 186.450 4.160E+05 59.612 1.927 
102 42 114.906 2.272E+05 36.99 2.022 
103 42 51.571 2.491E+05 43.358 2.723 
104 42 48.053 1.508E+05 23.58 3.629 
105 48 98.486 2.284E+05 35.055 0.924 
106 48 299.045 1.142E+05 16.606 1.178 
107 48 82.652 5.146E+05 71.474 1.300 
108 48 33.978 9.886E+04 15.749 1.351 
109 48 356.515 1.714E+05 34.179 1.462 
110 48 12.867 1.937E+05 28.672 1.651 
111 48 167.098 2.168E+05 32.108 1.729 
112 48 275.588 6.071E+04 12.08 1.939 












114 48 292.594 2.649E+05 42.257 2.133 
115 48 267.378 3.386E+05 39.395 2.180 
116 48 329.540 2.888E+05 33.24 2.585 
117 48 263.859 2.471E+05 33.792 2.693 
118 48 20.490 7.966E+04 15.863 2.723 
119 48 243.334 8.703E+04 15.125 2.767 
120 48 123.702 2.035E+05 29.62 2.806 
121 48 287.903 1.287E+05 22.93 3.132 
122 54 86.757 6.493E+05 74.942 0.582 
123 54 280.866 4.699E+05 60.021 1.066 
124 54 102.591 1.072E+05 19.847 1.161 
125 54 333.645 1.419E+05 28.631 1.409 
126 54 22.836 1.552E+05 26.115 1.680 
127 54 227.501 2.420E+05 39.892 1.716 
128 54 147.159 2.206E+05 35.626 1.774 
129 54 231.606 2.489E+05 30.294 1.804 
130 54 62.713 7.790E+04 14.807 1.906 
131 54 209.321 5.968E+05 70.332 2.082 
132 54 307.842 3.350E+05 40.33 2.130 
133 54 345.373 1.209E+05 22.376 2.177 
134 54 42.188 1.713E+05 24.065 2.223 
135 54 143.054 1.697E+05 27.967 2.245 
136 54 254.476 4.641E+05 59.276 2.270 
137 54 304.909 3.132E+05 51.647 2.349 
138 54 180.586 1.926E+05 29.922 2.353 
139 54 337.750 2.885E+05 42.534 2.381 
140 54 182.932 2.111E+05 33.436 2.458 
141 54 71.510 1.603E+05 24.453 2.472 
142 54 238.056 3.973E+05 52.059 2.630 
143 54 323.089 4.186E+05 44.396 2.718 
144 54 107.869 2.783E+05 39.735 2.809 
145 54 359.448 1.633E+05 25.364 3.009 
146 54 258.581 7.293E+04 14.262 3.149 
147 54 342.441 1.228E+05 22.731 3.254 
148 54 216.358 6.057E+04 10.913 3.339 
149 60 158.888 4.556E+05 63.124 1.176 
150 60 355.929 3.271E+05 47.454 1.217 












152 60 35.151 1.300E+05 20.981 1.430 
153 60 351.238 1.850E+05 26.815 1.642 
154 60 197.593 3.850E+05 50.449 1.677 
155 60 140.122 1.708E+05 32.503 2.061 
156 60 192.901 3.131E+05 44.016 2.092 
157 60 113.733 1.150E+05 23.964 2.263 
158 60 204.630 1.477E+05 22.947 2.310 
159 60 252.131 8.355E+04 15.066 2.335 
160 60 162.993 2.650E+05 39.078 3.014 
161 60 222.223 3.034E+05 40.843 3.242 
162 66 102.004 1.421E+05 23.029 0.870 
163 66 52.158 3.800E+05 51.683 0.885 
164 66 14.626 5.325E+04 11.347 1.202 
165 66 82.066 2.602E+05 36.901 1.337 
166 66 349.478 1.708E+05 28.824 1.788 
167 66 115.492 1.931E+05 32.596 1.801 
168 66 169.444 1.676E+05 23.421 1.924 
169 66 65.059 1.814E+05 25.341 1.974 
170 66 94.381 3.733E+05 42.813 2.029 
171 66 73.856 1.925E+05 30.078 2.139 
172 66 29.873 3.386E+05 44.276 2.604 
173 66 4.657 1.262E+05 17.625 2.658 
174 72 227.501 1.707E+05 30.803 1.195 
175 72 334.817 9.134E+04 17.786 1.540 
176 72 289.076 3.749E+05 42.198 1.754 
177 72 141.882 1.936E+05 34.135 1.793 
178 72 62.127 1.355E+05 27.177 1.933 
179 72 86.757 1.102E+05 23.509 1.988 
180 72 148.919 3.018E+05 41.04 2.091 
181 72 282.039 7.175E+04 13.245 2.137 
182 72 240.402 3.021E+05 44.178 2.174 
183 72 319.570 2.090E+05 31.548 2.177 
184 72 294.940 1.791E+05 24.34 2.248 
185 72 111.387 1.118E+05 20.155 2.359 
186 72 7.589 1.199E+05 19.823 2.524 
187 72 274.415 1.819E+05 28.949 2.631 
188 72 213.426 2.647E+05 41.379 3.516 












190 78 38.083 1.510E+05 24.022 0.930 
191 78 186.450 1.168E+05 24.144 1.100 
192 78 136.017 3.971E+05 59.98 1.157 
193 78 267.378 2.713E+05 44.877 1.186 
194 78 51.571 2.035E+05 35.877 1.217 
195 78 14.040 1.311E+05 23.653 1.370 
196 78 194.660 3.275E+05 45.144 1.648 
197 78 131.326 3.145E+05 40.138 1.653 
198 78 21.663 3.332E+05 38.975 1.999 
199 78 43.361 4.262E+05 55.751 2.022 
200 78 303.150 3.813E+05 48.102 2.103 
201 78 189.969 4.267E+05 67.946 2.157 
202 78 89.689 1.331E+05 24.602 2.361 
203 78 156.542 1.369E+05 25.961 2.415 
204 78 326.021 1.444E+05 22.966 2.642 
205 78 245.680 3.031E+05 37.371 2.867 
206 78 153.024 1.345E+05 25.512 3.172 
207 78 18.145 1.016E+05 19.795 3.986 
208 84 227.501 1.430E+05 21.228 0.770 
209 84 56.849 1.717E+05 25.914 1.007 
210 84 60.954 1.038E+05 18.72 1.296 
211 84 33.978 2.406E+05 36.95 1.622 
212 84 105.523 1.794E+05 29.668 1.628 
213 84 115.492 8.299E+04 16.157 1.787 
214 84 9.935 9.192E+04 16.979 2.011 
215 84 337.750 3.618E+05 42.745 2.021 
216 84 356.515 1.094E+05 16.781 2.131 
217 84 140.122 8.237E+04 17.01 2.151 
218 84 309.601 1.574E+05 22.998 2.165 
219 84 201.111 2.385E+05 37.964 2.260 
220 84 351.238 1.134E+05 20.454 2.372 
221 84 161.234 2.493E+05 45.003 2.982 
222 84 298.459 9.618E+04 15.579 3.345 
223 84 263.273 1.578E+05 27.807 3.611 
224 84 47.466 6.601E+04 12.844 4.315 
225 90 186.450 2.331E+05 38.563 1.004 
226 90 136.017 1.286E+05 24.395 1.011 












228 90 37.497 6.228E+04 13.276 1.647 
229 90 73.269 2.762E+05 36.579 1.709 
230 90 331.885 1.674E+05 24.856 1.767 
231 90 284.384 1.439E+05 20.391 2.046 
232 90 272.069 9.242E+04 14.172 2.421 
233 90 317.811 9.323E+04 18.683 2.440 
234 90 237.470 2.310E+05 36.104 2.510 
235 90 206.975 7.659E+04 14.141 2.706 
236 90 171.790 3.173E+05 47.922 2.931 
237 90 204.043 8.509E+04 17.573 3.069 
238 96 66.818 3.566E+05 44.47 0.794 
239 96 99.072 5.380E+05 72.204 1.112 
240 96 344.200 2.880E+05 36.753 1.161 
241 96 56.263 1.751E+05 28.958 1.224 
242 96 128.980 5.562E+05 63.211 1.367 
243 96 319.570 2.693E+05 39.374 1.552 
244 96 180.586 1.592E+05 22.246 1.926 
245 96 330.126 2.527E+05 45.615 1.971 
246 96 183.518 1.811E+05 34.353 1.973 
247 96 167.098 4.548E+05 58.059 2.021 
248 96 348.305 1.428E+05 19.669 2.453 
249 96 163.580 2.440E+05 43.025 2.542 
250 96 191.728 1.944E+05 36.889 2.643 
251 102 41.015 1.338E+05 26.82 0.913 
252 102 115.492 2.252E+05 32.912 1.135 
253 102 294.940 1.266E+05 23.402 1.202 
254 102 106.696 3.538E+05 46.867 1.240 
255 102 156.542 1.844E+05 38.118 1.249 
256 102 32.805 2.978E+05 53.755 1.638 
257 102 87.930 1.310E+05 23.621 1.753 
258 102 225.155 2.377E+05 39.321 1.891 
259 102 141.882 3.309E+05 51.738 2.054 
260 102 199.352 7.135E+04 14.291 2.185 
261 102 8.762 2.492E+05 43.95 2.230 
262 102 151.265 2.548E+05 31.064 2.273 
263 102 219.291 3.042E+05 38.365 2.376 
264 102 29.873 6.900E+04 13.069 2.396 












266 102 242.748 2.561E+05 35.303 2.763 
267 102 327.780 1.251E+05 23.716 3.006 
268 102 324.262 1.176E+05 22.919 3.328 
269 102 5.243 8.925E+04 18.435 4.982 
270 102 362.380 1.854E+05 28.471 281.223 
271 108 214.013 8.345E+04 17.234 1.029 
272 108 195.247 8.595E+04 16.289 1.247 
273 108 59.781 1.755E+05 26.062 1.367 
274 108 100.245 3.361E+05 56.757 1.490 
275 108 282.039 1.379E+05 21.167 1.557 
276 108 23.423 2.022E+05 31.603 1.559 
277 108 66.232 1.308E+05 27.918 1.648 
278 108 92.035 3.554E+05 57.655 1.655 
279 108 145.987 3.727E+05 48.144 1.688 
280 108 307.255 3.512E+05 38.814 1.802 
281 108 249.785 2.219E+05 32.439 1.908 
282 108 34.565 1.297E+05 23.396 2.063 
283 108 201.111 1.277E+05 25.597 2.068 
284 108 79.133 2.733E+05 37.159 2.173 
285 114 157.129 3.229E+05 42.224 0.851 
286 114 183.518 2.723E+05 36.062 1.034 
287 114 204.630 4.689E+05 50.495 1.135 
288 114 41.015 1.693E+05 30.551 1.276 
289 114 74.442 1.715E+05 31.701 1.360 
290 114 296.113 2.317E+05 36.871 1.418 
291 114 343.027 2.413E+05 30.791 1.556 
292 114 229.260 2.887E+05 48.753 1.940 
293 114 239.229 1.132E+05 20.406 2.107 
294 114 123.702 1.190E+05 21.459 2.251 
295 114 53.917 2.380E+05 37.874 2.286 
296 114 262.686 1.050E+05 22.402 2.573 
297 114 137.777 2.382E+05 37.919 2.893 
298 114 45.120 1.767E+05 25.43 3.313 
299 114 301.977 8.630E+04 17.825 3.434 
300 120 214.013 1.427E+05 25.75 0.903 
301 120 288.489 1.658E+05 29.219 1.115 
302 120 336.577 2.040E+05 30.295 1.191 












304 120 304.909 2.159E+05 35.714 1.473 
305 120 194.660 7.855E+04 16.22 1.491 
306 120 87.930 3.667E+05 52.808 1.523 
307 120 31.633 2.298E+05 35.915 1.616 
308 120 75.615 8.961E+04 17.955 1.733 
309 120 167.685 2.462E+05 31.797 1.777 
310 120 265.619 1.669E+05 22.993 1.792 
311 120 225.741 2.507E+05 45.256 1.896 
312 120 143.054 1.936E+05 41.353 1.948 
313 120 10.521 1.251E+05 20.669 2.089 
314 120 109.628 3.892E+05 70.269 2.123 
315 120 117.252 1.334E+05 27.569 2.151 
316 120 25.768 2.666E+05 37.264 2.217 
317 120 321.330 2.523E+05 40.159 2.464 
318 120 274.415 1.172E+05 22.231 2.668 
319 120 112.560 1.994E+05 38.869 3.236 
320 126 70.337 1.370E+05 25.324 0.939 
321 126 81.479 2.775E+05 46.856 1.132 
322 126 318.397 1.713E+05 24.285 1.316 
323 126 93.208 2.550E+05 38.509 1.363 
324 126 272.069 2.023E+05 28.69 1.565 
325 126 259.168 2.278E+05 29.412 1.681 
326 126 147.159 4.580E+05 68.058 1.705 
327 126 354.170 3.671E+05 42.513 1.792 
328 126 101.418 1.933E+05 30.764 1.824 
329 126 253.890 1.995E+05 31.747 1.939 
330 126 283.212 1.033E+05 20.701 2.054 
331 126 327.194 2.997E+05 47.711 2.243 
332 126 22.836 1.119E+05 22.422 2.352 
333 126 222.809 2.141E+05 32.316 2.684 
334 126 293.181 3.610E+05 53.629 2.750 
335 126 120.184 3.388E+05 52.045 2.864 
336 126 63.886 9.705E+04 20.708 3.727 
337 132 288.489 1.527E+05 26.918 1.121 
338 132 52.158 2.073E+05 27.441 1.479 
339 132 337.750 1.090E+05 20.147 1.545 
340 132 178.827 1.527E+05 21.962 1.588 












342 132 228.673 1.431E+05 27.137 1.818 
343 132 208.148 1.037E+05 20.203 1.898 
344 132 211.080 6.630E+04 13.276 2.025 
345 132 359.448 1.034E+05 19.598 2.042 
346 132 59.781 1.978E+05 30.914 2.074 
347 132 217.531 1.985E+05 28.568 2.126 
348 132 351.824 1.111E+05 18.365 2.159 
349 132 243.921 1.678E+05 30.283 2.254 
350 132 66.818 2.529E+05 40.254 2.267 
351 132 250.958 1.666E+05 30.805 2.557 
352 132 198.179 1.008E+05 18.618 2.592 
353 132 16.972 1.856E+05 25.577 2.630 
354 132 96.726 1.064E+05 19.666 2.788 
355 138 81.479 2.017E+05 31.855 0.867 
356 138 70.337 1.748E+05 32.678 1.115 
357 138 194.660 1.545E+05 23.562 1.407 
358 138 117.252 1.240E+05 22.603 1.484 
359 138 108.455 2.043E+05 33.489 1.565 
360 138 143.054 2.392E+05 43.641 1.665 
361 138 129.567 2.246E+05 37.559 1.666 
362 138 171.203 2.162E+05 36.144 2.069 
363 138 323.675 3.115E+05 42.25 2.071 
364 138 125.462 3.031E+05 55.312 2.179 
365 138 204.043 1.484E+05 25.317 2.242 
366 138 239.816 3.143E+05 51.536 2.251 
367 138 235.711 6.715E+04 13.209 2.472 
368 138 246.853 1.560E+05 32.602 2.506 
369 138 7.589 3.158E+05 39.803 2.703 
370 138 2.311 2.031E+05 27.54 3.615 
371 144 150.678 2.775E+05 39.424 1.103 
372 144 356.515 2.879E+05 42.726 1.493 
373 144 265.032 2.539E+05 39.506 1.494 
374 144 209.321 2.200E+05 44.211 1.502 
375 144 156.542 3.105E+05 46.077 1.511 
376 144 318.984 7.360E+04 13.352 1.591 
377 144 225.155 2.551E+05 43.501 1.643 
378 144 269.137 1.172E+05 21.793 1.942 












380 144 345.960 2.323E+05 33.957 2.113 
381 144 306.669 2.401E+05 33.642 2.146 
382 144 90.276 1.908E+05 36.365 2.467 
383 144 186.450 8.749E+04 16.656 2.931 
384 144 161.234 1.503E+05 25.109 3.096 
385 150 169.444 1.650E+05 24.143 1.544 
386 150 123.702 2.559E+05 38.602 1.625 
387 150 140.709 4.220E+05 48.573 1.713 
388 150 104.936 2.774E+05 38.404 1.818 
389 150 358.275 1.279E+05 23.25 1.967 
390 150 329.540 3.196E+05 54.57 2.073 
391 150 99.072 2.907E+05 46.884 2.101 
392 150 110.214 1.105E+05 21.613 2.130 
393 150 158.302 1.551E+05 32.096 2.242 
394 150 206.389 2.491E+05 47.543 2.302 
395 150 248.612 1.975E+05 35.931 2.393 
396 150 252.717 2.635E+05 41.759 2.428 
397 150 277.934 9.378E+04 17.877 2.721 
398 156 116.665 1.730E+05 27.398 1.128 
399 156 133.672 2.288E+05 36.247 1.130 
400 156 198.179 1.206E+05 23.996 1.233 
401 156 149.505 1.900E+05 33.647 1.307 
402 156 62.713 4.867E+05 64.436 1.359 
403 156 209.908 1.222E+05 26.505 1.376 
404 156 189.383 1.163E+05 25.224 1.458 
405 156 243.334 2.881E+05 42.877 1.557 
406 156 128.394 2.341E+05 43.323 1.573 
407 156 238.056 1.577E+05 29.174 1.660 
408 156 39.256 2.013E+05 40.075 1.741 
409 156 290.249 2.645E+05 37.24 1.905 
410 156 270.896 8.307E+04 15.71 1.911 
411 156 33.392 1.519E+05 28.101 1.977 
412 156 298.459 1.250E+05 21.673 1.993 
413 156 202.284 1.209E+05 24.059 2.016 
414 156 231.019 1.777E+05 33.654 2.179 
415 156 219.291 7.644E+04 14.811 2.438 
416 156 303.737 7.700E+04 15.308 2.454 












418 156 311.947 2.653E+05 43.514 3.374 
419 162 282.625 4.051E+05 62.159 1.079 
420 162 225.155 2.277E+05 34.921 1.346 
421 162 151.851 2.037E+05 41.66 1.358 
422 162 334.817 3.181E+05 51.264 1.487 
423 162 320.157 2.279E+05 33.43 1.690 
424 162 317.811 9.194E+04 17.391 1.833 
425 162 265.032 1.157E+05 21.398 1.875 
426 162 88.516 1.879E+05 34.751 2.025 
427 162 92.621 2.835E+05 44.197 2.149 
428 162 15.212 1.248E+05 17.792 2.374 
429 162 50.398 2.899E+05 57.726 2.482 
430 162 261.514 2.094E+05 32.112 2.731 
431 162 233.951 3.945E+05 62.524 2.785 
432 162 73.856 4.992E+05 72.236 2.973 
433 162 256.236 9.791E+04 17.697 3.512 
434 162 286.144 1.677E+05 32.531 3.660 
435 162 173.549 9.180E+04 18.257 3.833 
436 168 198.179 1.503E+05 23.426 0.677 
437 168 188.796 2.321E+05 36.195 0.871 
438 168 40.429 3.866E+05 56.86 0.918 
439 168 133.085 1.993E+05 30.149 0.942 
440 168 26.941 2.241E+05 33.902 1.124 
441 168 330.126 1.448E+05 28.553 1.452 
442 168 66.232 2.339E+05 47.352 1.590 
443 168 129.567 2.355E+05 51.956 1.611 
444 168 351.824 3.161E+05 45.861 1.647 
445 168 114.319 1.287E+05 25.372 1.740 
446 168 179.413 2.683E+05 38.922 1.862 
447 168 207.562 3.074E+05 49.53 1.960 
448 168 340.682 2.183E+05 35.757 2.015 
449 168 47.466 3.361E+05 59.32 2.026 
450 168 276.174 1.285E+05 26.712 2.186 
451 168 31.046 2.042E+05 34.037 2.297 
452 168 70.337 1.565E+05 28.785 2.746 
453 168 347.719 1.798E+05 33.821 3.037 
454 174 151.265 2.307E+05 41.874 1.005 












456 174 238.056 3.095E+05 44.637 1.180 
457 174 201.698 2.822E+05 41.811 1.457 
458 174 60.954 7.820E+05 100.407 1.500 
459 174 5.830 1.927E+05 36.518 1.563 
460 174 343.027 3.085E+05 42.843 1.663 
461 174 157.715 4.844E+05 63.523 1.714 
462 174 296.699 2.975E+05 39.423 1.844 
463 174 90.276 1.624E+05 35.006 1.910 
464 174 228.087 1.370E+05 21.86 1.913 
465 174 217.531 2.073E+05 40.217 1.980 
466 174 104.936 8.439E+04 19.354 2.102 
467 174 244.507 6.171E+04 13.284 2.358 
468 174 120.184 1.807E+05 35.048 2.449 
469 174 55.676 2.243E+05 45.759 2.521 
470 174 309.014 1.984E+05 32.742 2.854 
471 174 185.278 9.139E+04 17.712 3.304 
472 180 274.415 2.606E+05 40.061 0.870 
473 180 67.405 2.050E+05 33.55 1.232 
474 180 45.707 2.643E+05 45.604 1.557 
475 180 215.772 1.592E+05 27.445 1.722 
476 180 334.817 2.631E+05 50.299 1.790 
477 180 231.606 1.843E+05 36.944 1.791 
478 180 22.836 2.610E+05 49.897 1.907 
479 180 98.486 2.902E+05 59.689 1.909 
480 180 34.565 3.596E+05 51.631 1.940 
481 180 248.026 1.367E+05 23.576 1.955 
482 180 332.472 3.269E+05 61.124 2.173 
483 180 289.076 2.049E+05 31.493 2.199 
484 180 103.177 1.436E+05 32.179 2.247 
485 180 49.225 1.595E+05 34.68 2.333 
486 180 211.667 1.362E+05 23.93 2.389 
487 180 221.050 1.565E+05 24.042 2.501 
488 180 278.520 1.285E+05 28.784 2.611 
489 180 161.820 1.588E+05 29.041 3.002 
490 180 11.107 1.740E+05 28.474 4.042 
491 186 192.901 3.402E+05 49.914 0.872 
492 186 113.733 8.607E+05 104.556 1.014 












494 186 76.788 2.222E+05 38.146 1.471 
495 186 188.210 2.340E+05 43.54 1.627 
496 186 7.002 1.814E+05 36.192 1.670 
497 186 27.528 1.165E+05 23.835 1.906 
498 186 100.831 2.710E+05 48.361 2.153 
499 186 38.670 3.005E+05 54.734 2.180 
500 186 139.536 3.527E+05 57.47 2.997 
501 186 126.048 2.901E+05 48.068 3.089 
502 192 273.829 1.034E+05 20.112 1.067 
503 192 232.778 1.197E+05 25.164 1.621 
504 192 109.041 2.751E+05 42.736 1.642 
505 192 154.197 2.046E+05 34.487 1.701 
506 192 21.077 2.509E+05 44.784 1.794 
507 192 143.641 3.320E+05 54.088 1.943 
508 192 180.586 2.864E+05 42.586 1.981 
509 192 96.726 3.346E+05 56.438 2.097 
510 192 317.225 2.529E+05 43.436 2.228 
511 192 198.179 1.335E+05 22.914 2.267 
512 192 303.150 2.337E+05 33.39 2.275 
513 192 131.326 1.987E+05 32.366 2.350 
514 192 266.205 2.160E+05 34.61 2.357 
515 192 53.917 1.386E+05 26.977 2.575 
516 192 352.997 3.247E+05 68.319 2.624 
517 192 118.424 2.590E+05 56.059 2.707 
518 192 16.385 9.025E+04 18.961 2.742 
519 192 58.022 1.454E+05 28.292 2.896 
520 192 358.861 2.875E+05 45.346 3.021 
521 198 192.901 2.055E+05 38.783 1.113 
522 198 334.231 1.967E+05 35.607 1.712 
523 198 41.015 2.753E+05 44.759 1.936 
524 198 75.028 3.362E+05 63.472 1.990 
525 198 283.212 1.056E+05 19.919 2.017 
526 198 277.347 3.790E+05 61.635 2.114 
527 198 226.328 9.382E+04 16.963 2.600 
528 198 294.940 1.626E+05 26.416 2.642 
529 198 355.343 2.652E+05 49.005 2.661 
530 198 121.357 1.208E+05 24.438 2.697 












532 198 2.311 1.407E+05 24.968 3.845 
533 198 84.411 6.889E+04 14.673 4.173 
534 204 211.667 1.755E+05 26.032 1.043 
535 204 252.131 3.819E+05 72.502 1.107 
536 204 215.772 2.218E+05 30.456 1.369 
537 204 242.161 1.193E+05 24.346 1.696 
538 204 350.065 1.626E+05 29.54 1.722 
539 204 90.862 1.395E+05 25.327 1.802 
540 204 45.120 2.844E+05 46.23 1.843 
541 204 187.037 2.301E+05 40.966 1.889 
542 204 176.481 4.641E+05 63.026 1.922 
543 204 263.859 1.459E+05 25.959 1.941 
544 204 24.595 1.829E+05 33.229 1.944 
545 204 248.612 2.701E+05 43.186 2.108 
546 204 18.731 1.627E+05 30.195 2.194 
547 204 183.518 2.436E+05 37.193 2.652 
548 204 287.317 3.353E+05 54.501 2.688 
549 210 100.831 4.997E+05 61.032 1.228 
550 210 136.017 3.880E+05 54.556 1.456 
551 210 29.873 2.885E+05 43.352 1.949 
552 210 235.711 1.088E+05 17.35 2.060 
553 210 163.580 2.807E+05 42.177 2.461 
554 210 256.822 2.663E+05 36.526 2.626 
555 210 148.332 1.971E+05 39.174 2.726 
556 210 339.509 4.154E+05 59.146 2.943 
557 210 70.337 4.004E+05 69.832 3.008 
558 210 80.893 2.584E+05 39.989 3.156 
559 210 189.969 1.640E+05 31.071 3.208 
560 210 65.646 1.229E+05 22.279 3.348 
561 210 168.271 1.201E+05 22.746 3.622 
562 216 144.814 3.743E+05 49.922 0.827 
563 216 198.179 2.455E+05 38.564 0.896 
564 216 252.131 3.719E+05 69.37 1.100 
565 216 93.208 3.090E+05 42.732 1.496 
566 216 317.811 8.656E+04 16.498 1.508 
567 216 240.988 7.979E+04 15.582 1.580 
568 216 292.008 9.697E+04 18.059 1.620 












570 216 55.090 1.831E+05 34.933 1.800 
571 216 172.962 8.243E+04 17.464 1.949 
572 216 346.546 3.855E+05 44.657 1.990 
573 216 207.562 1.850E+05 27.729 2.031 
574 216 130.153 2.120E+05 42.524 2.051 
575 216 48.053 1.424E+05 25.415 2.068 
576 216 97.313 1.268E+05 27.718 2.264 
577 216 110.214 1.582E+05 28.234 2.388 
578 216 154.783 1.560E+05 32.153 2.746 
579 216 325.435 2.609E+05 33.277 2.775 
580 216 77.374 1.095E+05 23.218 3.036 
581 222 56.849 1.890E+05 39.595 1.461 
582 222 211.080 3.397E+05 51.052 1.520 
583 222 145.987 2.654E+05 52.765 1.549 
584 222 42.775 2.233E+05 42.321 1.565 
585 222 349.478 9.849E+04 21.874 2.107 
586 222 319.570 7.600E+04 17.425 2.217 
587 222 121.943 1.562E+05 31.034 2.240 
588 222 7.589 1.227E+05 21.382 2.405 
589 222 125.462 4.132E+05 58.842 2.499 
590 222 132.499 1.582E+05 31.438 2.741 
591 222 361.793 2.099E+05 30.676 271.508 
592 228 198.765 2.736E+05 47.707 1.049 
593 228 136.017 1.736E+05 28.65 1.177 
594 228 158.888 2.042E+05 39.62 1.466 
595 228 24.009 2.108E+05 32.135 1.536 
596 228 39.843 2.670E+05 41.323 1.603 
597 228 269.137 1.399E+05 25.38 1.741 
598 228 11.694 7.162E+04 16.418 1.758 
599 228 329.540 8.083E+04 17.945 2.016 
600 228 171.203 9.013E+04 17.898 2.033 
601 228 113.733 7.251E+05 104.625 2.197 
602 228 262.686 1.859E+05 32.407 2.221 
603 228 217.531 2.549E+05 37.759 2.326 
604 228 232.778 1.001E+05 22.23 2.354 
605 228 294.940 2.284E+05 38.379 2.478 
606 228 161.234 1.751E+05 38.922 2.587 












608 228 73.856 1.974E+05 35.102 3.028 
609 228 33.392 1.691E+05 29.473 3.660 
610 228 117.838 2.096E+05 41.675 4.190 
611 234 57.436 1.685E+05 27.799 0.861 
612 234 316.638 2.758E+05 36.549 1.117 
613 234 250.958 2.476E+05 35.239 1.321 
614 234 97.899 2.632E+05 45.035 1.574 
615 234 68.578 1.684E+05 32.659 1.758 
616 234 187.623 3.725E+05 45.492 1.851 
617 234 234.538 1.204E+05 23.924 1.957 
618 234 129.567 1.507E+05 33.486 1.959 
619 234 178.240 2.070E+05 34.773 1.972 
620 234 29.287 7.083E+04 16.238 2.001 
621 234 148.919 1.803E+05 37.781 2.073 
622 234 260.341 2.076E+05 36.185 2.234 
623 234 90.276 1.100E+05 23.038 2.492 
624 234 292.594 8.507E+04 18.889 2.532 
625 234 45.707 2.788E+05 54.097 2.581 
626 234 342.441 1.907E+05 33.242 2.904 
627 234 151.851 1.415E+05 29.644 2.994 
628 240 226.328 1.857E+05 31.996 0.808 
629 240 42.188 3.413E+05 58.853 1.305 
630 240 350.651 1.812E+05 31.229 1.688 
631 240 60.954 1.876E+05 33.655 2.069 
632 240 78.547 9.317E+04 17.851 2.284 
633 240 165.339 2.232E+05 46.253 2.448 
634 240 222.809 1.597E+05 26.51 2.456 
635 240 332.472 2.521E+05 45.233 2.636 
636 240 87.344 1.844E+05 30.62 2.688 
637 240 299.632 9.080E+04 15.941 2.823 
638 240 306.082 2.352E+05 33.984 2.877 
639 246 11.694 2.763E+05 36.196 1.095 
640 246 111.974 2.351E+05 50.123 1.163 
641 246 63.300 3.096E+05 46.666 1.308 
642 246 157.715 3.066E+05 41.091 1.332 
643 246 269.724 1.810E+05 37.503 1.474 
644 246 172.962 1.780E+05 30.666 1.486 












646 246 330.126 4.318E+05 71.743 1.574 
647 246 102.591 3.889E+05 61.413 1.658 
648 246 214.013 9.131E+04 20.706 1.660 
649 246 92.621 2.767E+05 40.528 1.796 
650 246 167.685 4.709E+05 66.298 1.845 
651 246 5.243 3.525E+05 52.384 2.011 
652 246 180.000 1.985E+05 35.612 2.031 
653 246 198.765 1.001E+05 22.711 2.102 
654 246 123.116 3.570E+05 58.289 2.242 
655 246 257.409 1.079E+05 22.328 2.476 
656 246 194.660 2.336E+05 33.751 2.800 
657 246 230.433 6.533E+04 14.332 2.959 
658 246 347.719 1.626E+05 29.786 3.000 
659 246 201.698 1.022E+05 22.435 3.133 
660 246 66.232 1.540E+05 33.833 3.401 
661 246 354.170 1.108E+05 22.939 3.536 
662 246 357.688 1.510E+05 27.074 3.545 
663 246 108.455 1.784E+05 39.195 3.672 
664 252 53.331 1.624E+05 24.604 0.315 
665 252 52.744 1.585E+05 25.619 0.444 
666 252 336.577 2.423E+05 35.16 0.722 
667 252 69.164 2.676E+05 50.874 1.067 
668 252 226.328 2.827E+05 41.622 1.068 
669 252 140.709 1.766E+05 30.749 1.100 
670 252 29.873 2.638E+05 41.257 1.264 
671 252 150.092 7.104E+05 94.396 1.463 
672 252 129.567 3.477E+05 58.295 1.494 
673 252 82.066 2.155E+05 35.468 1.807 
674 252 134.258 2.326E+05 42.247 1.872 
675 252 174.722 8.580E+04 19.275 2.031 
676 252 2.897 2.213E+05 40.189 2.235 
677 252 237.470 1.040E+05 22.619 2.396 
678 252 208.148 4.012E+05 59.073 3.053 
679 252 280.866 1.266E+05 22.49 4.583 
680 258 25.182 2.767E+05 35.915 0.981 
681 258 111.974 5.434E+05 94.696 1.070 
682 258 215.186 2.210E+05 36.374 1.203 












684 258 311.360 2.787E+05 41.631 1.650 
685 258 104.936 4.857E+05 77.254 1.714 
686 258 270.896 2.298E+05 44.761 1.730 
687 258 303.150 4.720E+05 53.529 1.937 
688 258 263.273 3.876E+05 56.28 1.939 
689 258 16.972 2.767E+05 35.528 1.962 
690 258 244.507 4.789E+05 51.746 2.036 
691 258 234.538 2.451E+05 39.638 2.155 
692 258 259.754 2.102E+05 35.899 2.448 
693 258 325.435 2.893E+05 51.443 2.829 
694 258 249.199 9.125E+04 18.213 2.836 
695 258 46.880 1.744E+05 35.79 2.883 
696 264 344.200 3.461E+05 51.158 0.768 
697 264 141.882 6.943E+05 88.576 0.958 
698 264 336.577 2.597E+05 42.913 1.013 
699 264 69.164 1.216E+05 25.038 1.127 
700 264 322.502 1.597E+05 27.909 1.400 
701 264 63.886 2.820E+05 42.274 1.406 
702 264 272.656 1.096E+05 19.532 1.498 
703 264 52.158 1.870E+05 42.21 1.503 
704 264 191.142 3.390E+05 39.958 1.758 
705 264 120.770 6.055E+05 101.921 1.815 
706 264 289.662 1.820E+05 31.198 1.928 
707 264 7.002 1.246E+05 23.754 1.966 
708 264 165.339 3.513E+05 51.19 1.973 
709 264 161.234 2.473E+05 48.354 1.982 
710 264 94.381 1.272E+05 25.508 2.167 
711 264 256.236 7.938E+04 16.336 2.352 
712 264 223.396 1.098E+05 21.438 2.443 
713 264 75.028 1.485E+05 26.483 2.545 
714 264 79.720 1.147E+05 22.985 2.648 
715 264 49.225 1.349E+05 30.439 2.929 
716 264 43.948 1.067E+05 20.847 3.135 
717 270 238.056 2.299E+05 41.329 1.030 
718 270 349.478 2.461E+05 36.38 1.241 
719 270 96.726 1.589E+05 33.222 1.262 
720 270 313.120 2.174E+05 35.417 1.278 












722 270 133.085 3.925E+05 62.867 1.337 
723 270 174.135 2.922E+05 46.786 1.520 
724 270 156.542 3.171E+05 43.787 1.698 
725 270 32.805 1.577E+05 29.659 2.031 
726 270 26.941 1.325E+05 25.536 2.189 
727 270 338.336 1.544E+05 31.364 2.241 
728 270 88.516 8.748E+04 18.274 2.364 
729 270 231.606 9.885E+04 17.378 2.494 
730 270 72.683 2.136E+05 39.268 2.733 
731 270 21.077 5.799E+04 12.886 2.895 
732 276 182.345 9.034E+04 19.172 0.994 
733 276 344.200 2.240E+05 38.856 1.118 
734 276 214.599 2.646E+05 35.999 1.365 
735 276 90.276 1.832E+05 33.968 1.863 
736 276 269.724 2.690E+05 48.73 2.028 
737 276 149.505 2.141E+05 38.792 2.029 
738 276 199.938 4.452E+05 63.065 2.030 
739 276 129.567 1.812E+05 33.586 2.188 
740 276 292.594 2.743E+05 41.2 2.237 
741 276 353.583 1.838E+05 34.924 2.677 
742 282 238.056 1.634E+05 31.852 0.971 
743 282 96.140 2.445E+05 44.296 1.170 
744 282 329.540 1.565E+05 26.058 1.179 
745 282 161.820 4.514E+05 70.044 1.494 
746 282 322.502 2.141E+05 41.728 1.506 
747 282 46.293 4.316E+05 66.979 1.546 
748 282 124.289 5.249E+05 89.241 1.663 
749 282 29.287 1.403E+05 29.789 1.689 
750 282 119.011 5.147E+05 82.684 1.774 
751 282 242.161 1.395E+05 23.687 1.778 
752 282 103.764 1.365E+05 25.918 1.874 
753 282 82.652 2.750E+05 44.975 2.245 
754 282 5.830 1.536E+05 30.752 2.328 
755 282 15.212 1.041E+05 22.107 2.415 
756 282 41.015 2.071E+05 31.597 2.645 
757 282 307.842 2.546E+05 42.422 2.695 
758 282 37.497 1.045E+05 20.346 2.710 












760 282 358.861 3.263E+05 46.214 2.924 
761 288 182.345 1.313E+05 24.938 0.971 
762 288 350.065 4.628E+05 60.7 1.083 
763 288 133.085 2.116E+05 32.824 1.308 
764 288 267.964 3.613E+05 55.156 1.329 
765 288 246.853 1.697E+05 26.758 1.404 
766 288 190.555 2.655E+05 36.118 1.591 
767 288 110.801 3.583E+05 53.828 1.646 
768 288 84.998 1.486E+05 31.565 1.684 
769 288 28.114 6.389E+04 12.772 1.700 
770 288 256.236 2.275E+05 33.649 1.715 
771 288 284.971 2.538E+05 40.042 1.777 
772 288 313.706 2.282E+05 39.585 1.862 
773 288 113.146 3.472E+05 60.24 1.879 
774 288 316.638 1.264E+05 24.625 1.883 
775 288 54.503 2.996E+05 48.111 1.928 
776 288 218.118 1.473E+05 24.066 2.159 
777 288 289.076 1.578E+05 26.276 2.239 
778 288 122.529 3.138E+05 68.868 2.264 
779 288 235.124 1.885E+05 37.755 2.303 
780 288 8.175 1.303E+05 24.741 2.482 
781 288 297.872 1.797E+05 34.138 2.494 
782 288 77.374 2.445E+05 34.15 2.621 
783 288 31.633 9.302E+04 18.611 2.637 
784 288 170.030 3.035E+05 53.777 2.641 
785 288 144.227 3.629E+05 59.363 2.818 
786 288 202.870 7.432E+04 15.766 3.227 
787 294 277.934 1.219E+05 25.112 0.908 
788 294 126.634 2.116E+05 41.248 1.055 
789 294 323.675 5.742E+05 75.307 1.080 
790 294 148.332 2.873E+05 57.556 1.147 
791 294 21.663 2.217E+05 28.386 1.336 
792 294 337.750 2.352E+05 36.49 1.337 
793 294 305.496 3.407E+05 70.233 1.470 
794 294 154.197 1.529E+05 28.344 1.546 
795 294 86.171 9.359E+04 18.724 1.566 
796 294 215.772 1.092E+05 20.722 1.945 












798 294 16.972 2.602E+05 49.454 2.281 
799 294 326.607 1.825E+05 35.57 2.890 
800 300 266.791 3.876E+05 58.241 1.251 
801 300 95.554 3.404E+05 44.635 1.274 
802 300 120.184 1.152E+05 24.457 1.353 
803 300 206.975 2.596E+05 34.44 1.451 
804 300 248.612 3.770E+05 61.663 1.540 
805 300 103.177 2.379E+05 41.253 1.558 
806 300 225.155 1.252E+05 22.666 1.626 
807 300 194.074 1.360E+05 21.825 1.669 
808 300 156.542 4.997E+05 70.787 1.701 
809 300 66.232 9.178E+04 17.417 1.713 
810 300 293.181 3.854E+05 57.022 1.797 
811 300 272.656 4.500E+05 66.587 1.815 
812 300 200.525 2.837E+05 48.213 1.874 
813 300 329.540 8.946E+04 19.609 2.034 
814 300 45.120 1.915E+05 42.007 2.091 
815 300 56.263 7.498E+04 15.43 2.110 
816 300 354.756 1.763E+05 34.36 2.155 
817 300 14.040 1.788E+05 34.842 2.157 
818 300 243.334 1.040E+05 21.419 2.316 
819 300 261.514 1.987E+05 39.792 2.360 
820 300 172.376 2.369E+05 50.324 2.386 
821 300 167.685 1.125E+05 23.163 2.676 
822 300 139.536 2.313E+05 46.318 2.995 
823 306 148.332 4.628E+05 67.468 0.679 
824 306 286.144 2.553E+05 40.183 0.731 
825 306 277.934 3.322E+05 58.49 0.839 
826 306 126.048 3.322E+05 53.198 0.886 
827 306 304.909 5.029E+05 83.479 1.173 
828 306 316.638 4.695E+05 55.096 1.225 
829 306 233.951 3.221E+05 46.288 1.285 
830 306 338.922 1.989E+05 35 1.417 
831 306 350.065 2.380E+05 41.04 1.443 
832 306 106.109 3.437E+05 59.281 1.463 
833 306 245.093 2.965E+05 45.924 1.493 
834 306 46.880 2.038E+05 37.461 1.585 












836 306 153.024 2.168E+05 39.846 1.680 
837 306 162.993 1.909E+05 28.214 1.955 
838 306 280.866 3.613E+05 61.105 2.026 
839 306 30.460 1.068E+05 18.775 2.190 
840 306 300.804 4.656E+05 75.891 2.220 
841 306 72.683 5.097E+05 62.175 2.229 
842 306 227.501 2.476E+05 45.514 2.261 
843 306 67.991 1.510E+05 33.609 2.431 
844 306 136.604 2.945E+05 55.428 2.440 
845 306 52.158 1.289E+05 21.786 2.470 
846 306 1.138 1.475E+05 25.426 2.498 
847 306 180.586 1.609E+05 32.696 2.714 
848 306 185.864 4.493E+05 62.866 2.953 
849 312 62.713 2.369E+05 38.494 0.910 
850 312 110.801 1.850E+05 34.504 1.047 
851 312 205.216 2.540E+05 38.114 1.128 
852 312 99.072 2.334E+05 37.289 1.473 
853 312 119.011 1.611E+05 30.035 1.480 
854 312 201.698 1.020E+05 23.026 1.535 
855 312 356.515 1.642E+05 28.723 1.646 
856 312 230.433 3.633E+05 49.655 1.958 
857 312 20.490 1.374E+05 28.323 2.205 
858 312 197.006 1.046E+05 22.187 2.310 
859 312 9.935 9.986E+04 21.827 2.479 
860 312 114.906 1.563E+05 27.344 2.562 
861 312 39.256 9.297E+04 15.633 2.602 
862 312 177.654 1.351E+05 27.1 3.238 
863 312 160.061 1.210E+05 27.319 3.249 
864 318 331.885 2.938E+05 39.667 0.631 
865 318 224.568 3.606E+05 47.572 1.078 
866 318 256.822 6.249E+05 64.458 1.233 
867 318 326.607 2.061E+05 27.168 1.426 
868 318 80.306 1.317E+05 22.156 1.434 
869 318 285.557 2.516E+05 48.046 1.442 
870 318 296.699 4.274E+05 73.363 1.726 
871 318 14.626 1.356E+05 25.884 1.878 
872 318 84.411 3.557E+05 43.158 1.914 












874 318 192.901 1.753E+05 36.153 2.148 
875 318 346.546 2.353E+05 31.392 2.262 
876 318 24.009 2.606E+05 40.305 2.853 
877 318 190.555 8.942E+04 19.543 2.967 
878 324 302.564 3.880E+05 63.064 1.043 
879 324 279.107 4.783E+05 59.197 1.170 
880 324 63.300 3.099E+05 49.508 1.186 
881 324 171.203 3.324E+05 39.945 1.245 
882 324 262.100 8.651E+05 100.316 1.288 
883 324 149.505 1.611E+05 24.154 1.303 
884 324 110.214 1.948E+05 41.34 1.389 
885 324 7.002 2.178E+05 34.218 1.507 
886 324 134.844 1.811E+05 33.036 1.746 
887 324 105.523 2.796E+05 49.939 1.789 
888 324 44.534 2.830E+05 41.268 2.026 
889 324 271.483 2.773E+05 50.6 2.138 
890 324 283.798 1.756E+05 34.348 2.141 
891 324 217.531 1.032E+05 20.694 2.281 
892 324 248.026 1.413E+05 25.229 2.343 
893 324 273.829 2.595E+05 49.561 2.473 
894 324 289.076 2.475E+05 40.926 2.905 
895 324 165.925 1.272E+05 23.719 3.082 
896 330 332.472 1.779E+05 32.457 1.008 
897 330 11.107 2.578E+05 36.118 1.310 
898 330 69.751 1.013E+05 19.797 1.481 
899 330 195.833 1.438E+05 25.146 1.603 
900 330 98.486 3.213E+05 52.216 1.698 
901 330 89.689 8.815E+04 16.424 1.754 
902 330 180.000 2.662E+05 43.26 1.796 
903 330 355.343 2.241E+05 37.732 1.917 
904 330 266.791 4.233E+05 71.312 1.983 
905 330 182.932 1.353E+05 27.893 2.125 
906 330 78.547 1.166E+05 22.793 2.137 
907 330 28.700 2.027E+05 32.928 2.309 
908 330 210.494 4.382E+05 52.181 2.338 
909 330 120.770 9.755E+04 21.322 2.378 
910 330 143.054 3.001E+05 45.029 2.452 












912 336 87.930 1.837E+05 28.002 1.517 
913 336 297.872 2.522E+05 46.067 1.864 
914 336 118.424 1.562E+05 30.591 2.207 
915 336 308.428 2.214E+05 38.795 2.222 
916 336 34.565 2.307E+05 41.252 2.417 
917 336 1.725 1.086E+05 21.81 2.496 
918 336 293.767 1.320E+05 28.908 2.590 
919 336 203.457 1.715E+05 28.909 2.831 
920 336 16.385 6.387E+04 14.424 2.973 
921 336 94.967 1.388E+05 22.563 3.167 
922 336 238.643 2.138E+05 34.778 3.480 
923 342 303.150 1.929E+05 41.037 1.287 
924 342 313.120 1.813E+05 31.179 1.476 
925 342 68.578 1.688E+05 32.306 1.899 
926 342 80.893 1.979E+05 31.692 1.996 
927 342 14.040 1.905E+05 34.84 2.173 
928 342 65.646 4.692E+05 62.069 2.224 
929 342 227.501 2.206E+05 30.972 2.515 
930 342 60.954 3.227E+05 57.799 2.577 
931 342 160.061 9.140E+04 16.345 3.023 
932 342 58.022 1.637E+05 30.598 3.159 
933 348 183.518 3.272E+05 47.704 1.155 
934 348 153.610 1.110E+05 17.113 1.205 
935 348 32.219 2.937E+05 38.817 1.300 
936 348 260.927 1.840E+05 24.045 1.450 
937 348 216.945 3.292E+05 44.513 1.480 
938 348 234.538 1.095E+05 16.385 1.504 
939 348 41.015 4.365E+05 59.043 1.624 
940 348 145.987 1.156E+05 18.097 1.702 
941 348 175.895 1.183E+05 19.809 1.823 
942 348 122.529 2.766E+05 47.206 2.186 
943 348 36.910 1.699E+05 30.123 2.189 
944 348 103.177 1.558E+05 26.57 2.230 
945 348 170.617 8.055E+04 15.564 2.432 
946 348 164.166 1.859E+05 30.087 2.543 
947 348 52.158 2.402E+05 37.077 3.050 
948 354 303.737 5.924E+05 90.127 1.002 












950 354 269.724 2.377E+05 39.823 1.270 
951 354 19.317 1.375E+05 23.443 1.530 
952 354 114.906 9.881E+04 19.101 1.578 
953 354 276.761 4.935E+05 65.246 1.667 
954 354 266.205 1.441E+05 25.052 1.973 
955 354 108.455 2.096E+05 31.863 2.113 
956 354 3.484 2.320E+05 36.358 2.169 
957 354 72.683 1.839E+05 28.818 3.199 
958 354 48.053 2.452E+05 39.047 3.308 
959 354 280.866 2.152E+05 44.971 4.014 
960 360 314.879 3.234E+05 43.013 0.645 
961 360 294.940 3.631E+05 61.236 1.025 
962 360 313.120 1.881E+05 34.983 1.645 
963 360 307.255 3.062E+05 42.145 1.814 
964 360 323.675 2.787E+05 35.16 2.026 
965 360 299.045 3.195E+05 54.868 2.350 
966 360 179.413 1.154E+05 20.565 2.577 
967 360 241.575 2.042E+05 37.182 2.919 
968 360 84.998 1.225E+05 23.84 2.922 
969 360 291.422 3.031E+05 55.214 3.117 
970 360 320.157 1.673E+05 28.718 3.280 
971 366 192.315 3.749E+05 48.646 0.769 
972 366 128.394 1.547E+05 24.833 1.337 
973 366 14.626 2.603E+05 35.244 1.461 
974 366 99.659 3.688E+05 42.548 1.743 
975 366 236.297 2.542E+05 36.497 1.941 
976 366 149.505 2.550E+05 40.951 2.108 
977 366 43.361 2.967E+05 41.581 2.121 
978 366 341.855 2.049E+05 29.797 2.147 
979 366 271.483 1.753E+05 34.732 2.261 
980 366 152.437 8.281E+04 19.403 2.537 
981 366 244.507 7.529E+04 14.556 2.810 
982 372 314.879 2.976E+05 47.845 0.953 
983 372 19.904 2.402E+05 38.599 1.286 
984 372 115.492 4.223E+05 57.901 1.335 
985 372 294.354 1.241E+05 27.363 1.486 
986 372 175.308 1.957E+05 30.07 1.569 












988 372 204.043 9.341E+04 17.69 3.253 
989 372 133.085 1.465E+05 22.188 3.309 
990 372 119.597 1.476E+05 25.355 3.394 
991 378 192.901 1.311E+05 30.783 1.354 
992 378 182.345 1.459E+05 26.528 1.489 
993 378 225.741 3.654E+05 52.564 1.792 
994 378 278.520 1.887E+05 33.019 1.801 
995 378 264.446 2.282E+05 34.588 2.242 
996 378 302.564 2.354E+05 41.198 2.400 
997 378 28.114 2.091E+05 30.841 2.790 
998 378 24.595 1.208E+05 23.418 3.176 
999 378 110.801 7.754E+04 17.086 3.436 
1000 378 335.404 1.130E+05 24.222 3.898 
1001 384 128.980 7.636E+04 15.391 1.758 
1002 384 177.067 1.020E+05 18.039 1.968 
1003 384 62.127 8.099E+04 13.794 2.205 
1004 384 339.509 1.780E+05 31.51 2.454 
1005 384 16.385 9.038E+04 21.049 2.480 
1006 384 239.816 2.434E+05 40.806 2.548 
1007 384 330.126 3.148E+05 37.967 2.754 
1008 390 157.715 1.231E+05 23.161 0.860 
1009 390 183.518 9.516E+04 16.511 1.197 
1010 390 308.428 3.673E+05 48.891 1.534 
1011 390 195.247 1.502E+05 27.1 2.323 
1012 390 46.880 9.375E+04 14.709 2.458 
1013 390 84.998 1.590E+05 24.974 2.608 
1014 390 91.449 1.909E+05 31.462 2.719 
1015 390 69.164 7.324E+04 12.941 3.146 
1016 396 235.124 8.078E+04 17.666 1.478 
1017 396 270.310 1.249E+05 24.029 1.493 
1018 396 266.791 8.343E+04 19.428 1.644 
1019 396 138.949 4.541E+05 56.314 2.099 
1020 396 221.636 3.295E+05 40.859 2.138 
1021 396 279.693 1.026E+05 19.731 2.209 
1022 396 259.754 9.981E+04 18 2.568 
1023 396 142.468 1.660E+05 27.821 2.727 
1024 396 5.243 3.369E+05 46.933 2.768 












1026 396 290.835 9.953E+04 19.588 3.257 
1027 396 249.785 1.144E+05 17.431 3.509 
1028 402 233.951 1.114E+05 20.944 1.289 
1029 402 157.129 2.002E+05 35.444 1.338 
1030 402 282.039 2.598E+05 33.841 1.403 
1031 402 262.686 1.993E+05 36.729 2.071 
1032 402 14.626 2.104E+05 37.247 2.111 
1033 402 225.741 1.138E+05 20.957 2.309 
1034 402 273.829 1.845E+05 29.432 2.962 
1035 402 254.476 2.794E+05 35.312 3.009 
1036 408 25.768 2.554E+05 31.242 1.417 
1037 408 63.300 2.182E+05 24.899 1.450 
1038 408 314.879 1.495E+05 29.322 1.524 
1039 408 128.394 8.093E+04 15.489 1.940 
1040 408 265.619 1.180E+05 25.711 2.054 
1041 408 131.326 1.263E+05 23.162 2.402 
1042 408 208.148 2.244E+05 30.068 4.264 
1043 414 307.842 1.854E+05 27.029 0.951 
1044 414 269.724 1.237E+05 23.169 1.965 
1045 414 117.838 1.006E+05 19.255 2.309 
1046 414 19.904 3.784E+05 53.796 2.460 
1047 414 23.423 6.695E+04 15.518 2.861 
1048 414 193.488 6.827E+04 12.773 3.035 
1049 414 200.525 1.804E+05 25.631 3.129 
1050 414 82.066 9.119E+04 16.057 3.356 
1051 420 261.514 1.564E+05 23.753 1.278 
1052 420 317.225 3.329E+05 50.596 1.409 
1053 420 122.529 1.148E+05 21.993 1.474 
1054 420 89.103 1.456E+05 21.496 1.566 
1055 420 239.816 1.077E+05 16.347 2.007 
1056 420 115.492 1.683E+05 28.582 2.137 
1057 420 91.449 9.333E+04 16.76 2.486 
1058 420 108.455 2.423E+05 36.823 2.612 
1059 420 168.271 2.745E+05 35.25 4.089 
1060 426 319.570 2.838E+05 47.375 1.891 
1061 426 309.601 1.109E+05 21.747 2.349 
1062 426 134.258 2.425E+05 38.535 2.457 












1064 426 219.877 8.993E+04 18.057 3.591 
1065 426 53.917 1.794E+05 29.946 6.392 
1066 426 360.620 2.249E+05 35.189 318.657 
1067 432 153.610 1.799E+05 27.731 0.876 
1068 432 121.357 1.396E+05 26.158 1.556 
1069 432 257.409 8.915E+04 16.691 1.985 
1070 432 303.737 2.321E+05 35.774 2.154 
1071 432 111.974 1.333E+05 23.961 3.476 
1072 432 76.788 8.795E+04 16.466 5.710 
1073 438 139.536 1.460E+05 26.78 1.862 
1074 438 33.392 1.109E+05 19.925 1.964 
1075 438 314.292 3.313E+05 51.079 2.210 
1076 438 270.896 7.835E+04 18.166 3.190 
1077 438 204.043 1.790E+05 30.962 3.981 
1078 438 101.418 1.620E+05 22.455 4.946 
1079 444 154.197 1.374E+05 22.167 0.630 
1080 444 122.529 9.534E+04 17.851 1.483 
1081 444 117.252 6.621E+04 12.966 1.774 
1082 444 136.604 6.120E+04 13.32 3.601 
1083 444 350.651 1.730E+05 24.894 4.639 
1084 450 192.901 7.885E+04 14.758 0.808 
1085 450 266.205 4.553E+05 59.718 1.010 
1086 450 253.304 2.493E+05 36.843 1.034 
1087 450 240.988 5.092E+05 44.68 1.303 
1088 450 256.236 3.148E+05 41.729 1.388 
1089 450 343.614 2.096E+05 38.455 1.517 
1090 450 246.853 2.564E+05 37.895 1.717 
1091 450 289.076 1.188E+05 22.746 1.725 
1092 450 260.927 4.175E+05 49.721 1.798 
1093 450 279.693 2.163E+05 28.657 1.897 
1094 450 287.317 9.681E+04 21.742 2.106 
1095 450 244.507 1.432E+05 27.428 2.529 
1096 450 276.761 2.063E+05 35.051 2.677 
1097 450 196.420 2.352E+05 30.838 2.851 
1098 450 333.058 1.240E+05 21.057 6.074 
1099 456 302.564 2.025E+05 32.691 1.421 
1100 456 272.656 4.766E+05 60.609 1.564 












1102 456 34.565 8.090E+04 15.85 1.780 
1103 456 140.709 1.889E+05 32.079 2.136 
1104 456 283.798 1.354E+05 27.205 2.884 
1105 462 344.787 1.550E+05 25.431 0.988 
1106 462 192.315 1.352E+05 22.549 1.001 
1107 462 117.838 6.296E+04 11.778 1.537 
1108 462 252.131 1.743E+05 31.328 1.628 
1109 462 340.095 2.415E+05 33.904 2.875 
1110 468 286.144 2.142E+05 30.058 1.128 
1111 468 267.378 2.503E+05 38.033 1.296 
1112 468 357.688 1.771E+05 30.075 1.452 
1113 468 291.422 1.646E+05 30.199 2.809 
1114 468 110.801 1.365E+05 19.886 3.113 
1115 468 218.118 1.203E+05 19.409 3.127 
1116 468 294.940 2.330E+05 42.76 3.239 
1117 468 233.365 1.947E+05 30.003 3.372 
1118 474 33.978 2.132E+05 29.564 1.101 
1119 474 301.391 1.286E+05 21.087 1.170 
1120 474 263.859 1.113E+05 22.352 1.737 
1121 474 311.947 1.420E+05 23.295 1.784 
1122 474 72.683 1.712E+05 29.611 2.873 
1123 474 143.641 2.073E+05 35.86 3.447 
1124 480 148.919 1.002E+05 20.657 1.431 
1125 480 127.221 1.087E+05 21.304 2.617 
1126 480 174.135 2.241E+05 35.607 3.776 
1127 480 168.857 1.163E+05 19.073 4.532 
1128 486 357.102 2.150E+05 37.359 1.844 
1129 486 314.292 2.491E+05 37.86 1.940 
1130 486 123.116 8.561E+04 15.466 2.694 
1131 486 326.021 1.112E+05 17.405 2.733 
1132 486 158.888 2.516E+05 30.918 3.564 
1133 486 163.580 1.691E+05 25.317 3.808 
1134 492 149.505 7.314E+04 14.123 0.949 
1135 492 263.273 3.416E+05 51.176 1.584 
1136 492 184.105 7.181E+04 12.704 2.319 
1137 492 260.341 3.814E+05 49.848 2.339 
1138 492 299.045 2.444E+05 40.938 2.706 












1140 498 128.980 2.606E+05 35.585 1.767 
1141 498 272.656 3.538E+05 42.49 2.653 
1142 498 103.764 2.558E+05 31.619 3.088 
1143 498 133.672 1.549E+05 22.244 3.906 
1144 504 120.770 1.539E+05 20.995 1.483 
1145 504 249.785 2.038E+05 26.558 1.605 
1146 504 86.171 4.306E+05 54.931 1.643 
1147 504 187.037 1.655E+05 27.841 1.691 
1148 504 205.803 1.489E+05 27.135 1.765 
1149 504 97.313 1.367E+05 21.457 1.841 
1150 504 67.405 1.711E+05 27.769 1.954 
1151 504 229.260 1.541E+05 29.392 1.966 
1152 504 220.463 1.927E+05 33.044 2.135 
1153 504 231.606 1.171E+05 24.11 2.265 
1154 504 198.179 1.240E+05 24.231 2.294 
1155 504 223.396 1.644E+05 29.332 2.300 
1156 504 49.812 1.152E+05 19.364 2.372 
1157 504 78.547 1.786E+05 35.825 2.570 
1158 504 212.840 1.881E+05 31.651 2.598 
1159 504 76.201 1.434E+05 31.342 2.690 
1160 504 69.751 1.124E+05 25.37 2.723 
1161 504 73.856 1.225E+05 27.649 2.723 
1162 504 191.142 1.288E+05 25.171 2.770 
1163 504 53.331 9.717E+04 15.237 2.855 
1164 504 61.541 1.970E+05 27.576 2.877 
1165 504 243.921 1.000E+05 20.597 2.879 
1166 504 36.324 1.019E+05 16.815 3.124 
1167 504 46.880 7.112E+04 15.06 3.323 
1168 504 209.321 1.502E+05 27.991 3.350 
1169 504 240.988 1.008E+05 22.739 3.575 
1170 504 201.698 8.814E+04 19.88 3.931 
1171 504 92.035 1.504E+05 28.018 4.487 
1172 504 23.423 1.803E+05 22.278 4.861 
1173 510 151.265 1.323E+05 18.746 1.532 
1174 516 175.308 7.410E+05 65.311 1.312 
1175 516 180.000 4.175E+05 54.692 2.933 
1176 522 204.630 1.939E+05 26.518 0.957 












1178 522 195.833 1.604E+05 23.493 1.350 
1179 534 96.726 1.423E+05 21.817 2.385 
1180 534 326.021 7.754E+04 14.435 2.455 
1181 534 230.433 2.444E+05 36.904 2.457 
1182 534 323.675 5.743E+04 11.877 2.564 
1183 534 216.945 9.692E+04 17.248 3.366 
1184 534 267.378 2.227E+05 33.623 4.437 
1185 534 316.052 1.381E+05 23.121 4.862 
1186 540 120.184 2.211E+05 26.552 1.764 
1187 540 197.593 3.588E+05 59.787 1.920 
1188 540 250.371 1.158E+05 19.281 2.094 
1189 540 86.171 1.616E+05 31.477 3.195 
1190 540 331.299 1.231E+05 22.798 4.090 
1191 540 357.688 3.088E+05 54.707 5.022 
1192 540 352.997 1.617E+05 34.335 5.142 
1193 540 256.822 1.843E+05 36.896 6.614 














1 6 29.287 8.463E+04 20.723 6.031 
2 6 69.164 2.184E+05 29.06 2.173 
3 6 80.893 2.340E+05 43.005 2.474 
4 6 199.938 1.399E+05 32.521 3.259 
5 6 214.599 6.078E+04 15.306 1.681 
6 6 241.575 2.792E+05 61.92 3.027 
7 6 258.581 2.189E+05 46.474 3.982 
8 6 263.273 8.146E+04 18.921 3.351 
9 6 284.384 1.068E+05 28.663 3.372 
10 6 327.780 7.478E+04 16.948 4.140 
11 6 342.441 1.967E+05 41.75 4.407 
12 12 75.615 1.463E+05 31.383 4.231 
13 12 90.862 1.212E+05 26.544 2.991 
14 12 97.313 1.580E+05 32.028 2.775 
15 12 107.282 7.794E+04 18.232 2.755 
16 12 114.319 6.450E+04 16.294 2.899 
17 12 124.289 2.855E+05 58.972 1.505 
18 12 131.912 3.021E+05 54.037 3.117 
19 12 137.777 8.559E+04 19.566 1.997 
20 12 142.468 2.511E+05 42.091 1.132 
21 12 154.197 6.242E+04 14.595 3.137 
22 12 160.647 1.443E+05 26.157 1.553 
23 12 169.444 2.000E+05 35.758 2.814 
24 12 183.518 2.661E+05 46.326 1.477 
25 12 219.291 2.166E+05 48.483 2.445 
26 12 233.365 1.231E+05 26.412 5.530 
27 12 272.069 8.836E+04 18.578 3.086 
28 12 277.347 9.220E+04 21.575 2.402 
29 12 280.279 2.311E+05 49.602 2.891 
30 12 290.835 9.007E+04 22.767 4.168 
31 12 302.564 4.110E+04 10.673 3.634 
32 18 10.521 3.824E+04 8.602 2.511 
33 18 43.361 1.643E+05 29.46 2.036 
34 18 62.713 5.231E+04 11.105 4.033 
35 18 100.831 2.199E+05 42.974 3.064 
36 18 147.746 2.715E+05 48.701 2.561 












38 18 165.925 1.191E+05 24.428 2.719 
39 18 179.413 8.656E+04 15.928 2.949 
40 18 188.210 1.758E+05 39.682 2.321 
41 18 204.043 1.598E+05 39.502 2.283 
42 18 221.636 1.450E+05 28.783 2.130 
43 18 254.476 2.576E+05 52.905 3.229 
44 18 294.354 7.591E+04 19.236 3.165 
45 18 308.428 2.581E+04 7.338 4.174 
46 18 321.330 1.582E+05 27.65 2.720 
47 18 351.824 8.216E+04 22.692 1.990 
48 24 15.212 5.171E+04 11.644 4.067 
49 24 19.317 1.033E+05 20.178 1.173 
50 24 55.090 6.595E+04 16.284 1.325 
51 24 125.462 9.735E+04 25.355 1.626 
52 24 190.555 1.775E+05 29.572 1.646 
53 24 215.186 7.790E+04 15.703 1.387 
54 24 338.336 5.227E+04 12.297 2.368 
55 30 34.565 4.744E+04 11.786 3.027 
56 30 87.344 1.254E+05 25.692 3.639 
57 30 111.974 2.487E+05 59.187 3.071 
58 30 143.054 4.469E+04 11.376 1.846 
59 30 162.407 1.955E+05 42.932 2.503 
60 30 184.105 7.789E+04 20.37 1.796 
61 30 197.006 7.129E+04 19.152 2.353 
62 30 248.612 2.210E+05 36.39 2.472 
63 30 316.638 1.845E+05 39.785 4.967 
64 30 324.262 4.056E+04 11.544 3.669 
65 30 348.305 2.237E+05 45.842 3.917 
66 30 352.997 1.640E+05 40.834 1.745 
67 30 356.515 3.290E+05 67.437 4.087 
68 36 5.243 1.521E+05 34.886 3.857 
69 36 19.904 3.879E+04 11.32 1.325 
70 36 55.090 5.773E+04 14.06 1.167 
71 36 66.818 1.465E+05 30.78 2.305 
72 36 80.893 9.351E+04 19.321 1.153 
73 36 136.604 3.903E+04 11.765 3.186 
74 36 202.284 2.304E+05 50.057 1.106 












76 36 284.971 7.257E+04 18.965 1.282 
77 36 296.113 1.272E+05 29.75 2.559 
78 36 330.712 9.631E+04 26.545 4.248 
79 36 335.404 4.044E+04 10.299 1.543 
80 42 42.775 6.753E+04 15.197 2.276 
81 42 91.449 1.259E+05 29.488 1.910 
82 42 107.869 2.667E+05 45.56 2.476 
83 42 123.116 2.659E+05 46.954 1.931 
84 42 270.310 1.084E+05 31.744 1.430 
85 42 282.625 7.125E+04 18.191 2.461 
86 42 300.804 2.003E+05 37.566 1.911 
87 42 310.187 1.668E+05 29.442 0.666 
88 48 11.107 8.250E+04 15.864 1.959 
89 48 24.009 7.496E+04 17.538 2.658 
90 48 47.466 1.993E+05 32.669 3.646 
91 48 79.133 1.085E+05 29.951 1.160 
92 48 115.492 1.039E+05 25.348 4.021 
93 48 128.394 4.918E+04 14.377 3.839 
94 48 133.672 2.004E+05 42.859 1.458 
95 48 138.949 1.167E+05 29.817 2.897 
96 48 201.698 7.637E+04 21.065 1.315 
97 48 222.223 5.317E+04 14.263 3.092 
98 48 284.971 1.537E+05 38.383 1.065 
99 48 293.181 1.201E+05 26.11 1.730 
100 48 334.231 1.678E+05 36.497 1.437 
101 48 337.750 5.038E+04 13.169 1.891 
102 48 339.509 6.402E+04 15.283 1.780 
103 48 341.855 7.024E+04 15.254 2.041 
104 54 55.676 6.660E+04 13.867 1.066 
105 54 68.578 2.533E+05 39.931 1.592 
106 54 100.245 9.200E+04 20.138 3.230 
107 54 178.240 8.681E+04 20.07 2.575 
108 54 183.518 1.262E+05 29.765 2.579 
109 54 186.450 9.796E+04 23.101 3.187 
110 54 197.593 3.727E+05 72.32 2.116 
111 54 214.599 5.705E+04 13.178 2.825 
112 54 251.544 2.202E+05 37.492 2.396 












114 54 270.896 2.479E+05 57.375 1.184 
115 54 275.001 9.937E+04 23.434 1.815 
116 54 279.107 6.196E+04 17.21 2.513 
117 54 289.662 2.347E+05 47.502 3.224 
118 54 303.150 1.517E+05 34.441 2.264 
119 54 310.774 1.408E+05 28.906 1.082 
120 60 2.897 7.884E+04 14.163 2.491 
121 60 26.355 1.113E+05 18.745 1.334 
122 60 33.978 7.290E+04 15.426 2.407 
123 60 79.133 1.387E+05 29.373 0.974 
124 60 90.276 1.601E+05 29.137 0.991 
125 60 119.011 1.550E+05 36.583 1.563 
126 60 142.468 1.721E+05 39.829 2.580 
127 60 155.956 6.943E+04 12.616 1.703 
128 60 168.857 5.669E+04 12.616 2.201 
129 60 175.308 3.613E+04 10.023 3.440 
130 60 230.433 6.678E+04 14.608 2.378 
131 60 307.255 5.758E+04 16.455 2.298 
132 60 327.780 2.274E+05 39.994 3.056 
133 66 53.331 1.410E+05 25.977 2.189 
134 66 96.140 2.962E+05 55.261 3.797 
135 66 111.387 3.249E+05 49.5 1.740 
136 66 134.258 3.019E+05 72.725 1.947 
137 66 148.919 1.172E+05 27.102 2.049 
138 66 233.365 1.425E+05 23.074 1.974 
139 66 273.242 2.242E+05 51.894 2.067 
140 66 300.804 5.846E+04 14.683 1.911 
141 66 354.170 2.177E+05 43.425 3.350 
142 72 19.904 1.050E+05 20.576 2.717 
143 72 106.109 2.621E+05 50.724 2.014 
144 72 121.943 4.421E+05 74.113 2.091 
145 72 140.122 3.024E+05 61.788 1.887 
146 72 147.159 2.905E+05 64.11 1.970 
147 72 189.969 9.462E+04 22.409 3.320 
148 72 280.866 9.044E+04 21.417 1.889 
149 78 36.910 3.818E+04 9.333 3.206 
150 78 119.011 7.898E+04 22.801 1.984 












152 78 308.428 9.518E+04 23.799 1.794 
153 78 334.817 1.224E+05 26.935 2.664 
154 84 9.935 8.927E+04 18.476 2.372 
155 84 57.436 9.851E+04 22.804 3.624 
156 84 70.337 1.344E+05 30.058 2.601 
157 84 85.584 6.555E+04 18.413 2.637 
158 84 133.085 2.055E+05 52.535 2.101 
159 84 155.370 3.942E+04 12.451 1.382 
160 84 167.685 1.149E+05 22.25 1.871 
161 84 184.105 1.374E+05 27.671 2.675 
162 84 199.938 1.129E+05 26.626 3.180 
163 84 209.321 1.307E+05 30.821 1.487 
164 84 228.087 7.995E+04 18.5 2.140 
165 84 260.927 9.104E+04 20.704 2.516 
166 84 266.205 9.466E+04 25.931 1.898 
167 84 311.947 6.424E+04 17.162 2.766 
168 90 114.906 5.105E+04 14.616 3.008 
169 90 125.462 1.978E+05 45.921 0.970 
170 90 126.634 1.331E+05 38.168 1.219 
171 90 143.641 1.116E+05 28.46 3.028 
172 90 148.332 1.428E+05 39.899 2.245 
173 90 243.921 7.965E+04 19.14 2.293 
174 90 274.415 3.042E+05 53.776 0.930 
175 90 282.039 9.246E+04 24.082 1.493 
176 90 317.225 9.194E+04 19.689 2.762 
177 90 322.502 1.829E+05 34.456 2.047 
178 96 24.595 7.026E+04 18.632 3.765 
179 96 87.930 1.485E+05 35.102 1.623 
180 96 92.621 2.555E+05 55.789 1.529 
181 96 99.659 6.864E+04 19.05 3.125 
182 96 106.109 1.061E+05 25.514 1.825 
183 96 110.801 1.458E+05 27.963 1.588 
184 96 154.783 1.116E+05 26.844 1.242 
185 96 188.210 6.368E+04 14.088 2.317 
186 96 208.148 7.357E+04 19.099 1.608 
187 96 269.137 5.036E+05 93.551 1.784 
188 96 296.699 1.233E+05 28.656 1.586 












190 102 67.405 2.061E+05 40.607 2.692 
191 102 72.683 2.231E+05 53.539 2.451 
192 102 131.912 2.691E+05 53.661 1.481 
193 102 165.339 9.128E+04 20.512 2.423 
194 102 196.420 4.707E+04 13.248 1.929 
195 102 202.870 1.671E+05 34.572 1.836 
196 102 211.667 6.016E+04 18.834 3.608 
197 102 256.822 4.339E+05 73.016 2.385 
198 102 292.594 1.071E+05 25.246 2.662 
199 102 309.014 2.247E+05 50.536 1.382 
200 108 45.120 5.914E+04 14.963 3.115 
201 108 117.252 5.290E+05 97.687 1.163 
202 108 175.308 3.165E+05 66.353 2.450 
203 108 220.463 7.038E+04 15.133 3.113 
204 108 229.846 1.196E+05 27.743 3.015 
205 108 263.859 2.251E+05 53.105 2.633 
206 108 273.829 5.881E+04 19.601 2.256 
207 108 332.472 7.633E+04 24.642 1.356 
208 114 48.639 1.384E+05 24.775 2.403 
209 114 92.035 2.304E+05 54.355 1.512 
210 114 123.702 7.857E+04 19.89 1.759 
211 114 128.980 1.764E+05 39.668 2.387 
212 114 245.680 2.327E+05 51.578 2.521 
213 114 253.304 9.205E+04 21.008 2.976 
214 114 270.896 6.866E+04 22.89 2.875 
215 114 277.934 4.707E+05 89.702 0.847 
216 114 320.157 1.492E+05 41.097 2.269 
217 114 324.262 2.725E+05 49.791 1.061 
218 114 340.095 2.874E+05 56.643 1.568 
219 120 39.256 3.315E+05 50.945 1.374 
220 120 74.442 1.967E+05 44.951 1.034 
221 120 87.344 8.611E+04 20.624 1.760 
222 120 95.554 2.482E+05 58.541 2.823 
223 120 106.109 3.057E+05 54.624 1.358 
224 120 111.387 4.211E+04 13.008 2.384 
225 120 153.024 1.049E+05 24.725 2.408 
226 120 162.993 4.258E+04 12.8 3.202 












228 120 196.420 6.220E+04 16.65 1.614 
229 120 288.489 1.018E+05 27.279 3.317 
230 120 295.527 4.252E+05 73.965 1.215 
231 120 299.045 1.902E+05 53.262 2.474 
232 120 301.391 2.314E+05 51.358 1.930 
233 120 303.737 2.084E+05 50.804 2.205 
234 120 306.669 1.383E+05 42.799 2.566 
235 120 309.014 1.405E+05 47.616 1.276 
236 120 313.706 2.920E+05 49.914 2.075 
237 120 326.021 1.129E+05 27.512 1.562 
238 120 331.885 2.908E+05 51.492 0.614 
239 120 337.750 7.128E+04 20.405 2.453 
240 126 8.175 1.378E+05 26.372 1.007 
241 126 13.453 1.583E+05 32.86 1.473 
242 126 15.799 1.037E+05 24.841 1.979 
243 126 20.490 2.353E+05 55.507 1.820 
244 126 30.460 9.713E+04 26.017 4.162 
245 126 35.151 7.783E+04 21.29 3.984 
246 126 57.436 2.448E+05 47.913 1.606 
247 126 62.127 1.326E+05 31.251 1.816 
248 126 98.486 7.188E+04 22.227 2.335 
249 126 116.665 3.340E+05 72.124 1.408 
250 126 140.709 1.955E+05 44.68 2.801 
251 126 155.956 2.400E+05 58.534 3.023 
252 126 207.562 8.613E+04 22.6 2.013 
253 126 278.520 1.827E+05 52.348 1.299 
254 126 358.861 1.379E+05 29.76 3.005 
255 132 25.768 1.197E+05 29.696 3.169 
256 132 73.269 2.126E+05 53.719 1.409 
257 132 103.177 2.158E+05 65.005 1.593 
258 132 124.875 2.834E+05 60.365 1.404 
259 132 147.746 1.554E+05 34.476 2.095 
260 132 178.240 1.466E+05 35.735 1.690 
261 132 202.870 5.535E+04 15.13 2.512 
262 132 237.470 1.417E+05 31.441 2.456 
263 132 310.187 2.539E+05 68.077 1.588 
264 138 18.145 2.028E+05 47.074 2.011 












266 138 134.844 5.915E+04 17.343 3.346 
267 138 168.857 1.352E+05 27.378 2.775 
268 138 195.833 1.179E+05 30.356 1.653 
269 138 209.321 1.021E+05 24.07 2.321 
270 138 218.118 3.849E+04 11.568 1.921 
271 138 234.538 1.019E+05 29.912 2.828 
272 138 273.242 1.628E+05 41.133 1.856 
273 138 320.743 2.971E+05 58.81 1.795 
274 144 7.002 1.887E+05 37.78 1.203 
275 144 40.429 5.778E+04 15.464 2.527 
276 144 67.405 1.598E+05 32.364 2.936 
277 144 99.659 1.087E+05 30.408 1.529 
278 144 198.179 1.860E+05 48.837 2.447 
279 144 248.026 9.850E+04 28.207 4.270 
280 144 269.137 1.619E+05 32.407 2.473 
281 144 275.001 7.020E+04 20.095 1.980 
282 144 291.422 2.208E+05 59.182 1.957 
283 144 298.459 6.169E+04 18.562 2.260 
284 144 354.170 1.797E+05 41.701 4.469 
285 150 43.948 1.545E+05 28.957 1.297 
286 150 56.849 6.960E+04 16.947 1.570 
287 150 73.269 1.273E+05 26.742 1.109 
288 150 88.516 2.594E+05 56.768 1.219 
289 150 117.838 4.686E+05 82.243 1.842 
290 150 229.846 1.577E+05 29.275 1.910 
291 150 281.452 1.073E+05 24.142 3.195 
292 150 293.181 1.070E+05 29.287 1.668 
293 150 333.058 1.134E+05 29.755 2.603 
294 156 98.486 8.553E+04 22.442 1.103 
295 156 102.591 1.582E+05 41.547 1.246 
296 156 141.882 1.155E+05 30.941 1.519 
297 156 148.919 5.478E+04 14.974 2.569 
298 156 174.135 9.792E+04 19.145 3.475 
299 156 204.043 1.058E+05 21.941 1.469 
300 156 208.148 1.160E+05 31.069 1.891 
301 156 217.531 9.785E+04 24.708 1.248 
302 156 236.297 2.353E+05 59.469 2.316 












304 156 289.076 5.058E+04 15.212 2.380 
305 162 2.897 7.155E+04 15.217 3.441 
306 162 87.344 1.282E+05 33.669 1.392 
307 162 108.455 9.980E+04 26.192 1.828 
308 162 160.061 8.183E+04 16.363 2.067 
309 162 212.253 2.426E+05 42.191 1.916 
310 162 243.334 1.720E+05 38.174 3.911 
311 168 121.357 3.674E+05 102.389 2.144 
312 168 166.512 6.766E+04 14.269 2.658 
313 168 318.397 1.265E+05 26.706 3.063 
314 174 102.591 9.429E+04 29.682 1.564 
315 174 123.702 4.457E+05 99.284 1.917 
316 174 129.567 5.405E+05 92.501 1.358 
317 174 142.468 2.129E+05 52.815 1.461 
318 174 188.796 2.425E+05 44.924 4.315 
319 174 217.531 4.010E+05 70.982 0.928 
320 174 219.877 1.819E+05 54.349 2.390 
321 174 222.223 1.486E+05 43.315 2.244 
322 174 224.568 2.156E+05 44.444 1.221 
323 174 331.885 6.184E+04 16.501 2.853 
324 174 335.990 1.502E+05 28.376 2.497 
325 180 38.083 6.017E+04 12.881 1.620 
326 180 98.486 3.292E+05 65.748 1.547 
327 180 109.628 9.242E+04 29.17 2.017 
328 180 119.011 3.045E+05 75.779 1.904 
329 180 134.844 1.685E+05 39.903 1.930 
330 180 251.544 1.096E+05 28.785 1.172 
331 180 253.304 9.628E+04 23.934 1.439 
332 186 137.190 1.251E+05 38.855 2.894 
333 186 154.197 1.315E+05 37.819 3.293 
334 186 203.457 1.944E+05 33.936 1.514 
335 186 210.494 7.982E+04 26.291 0.968 
336 186 232.778 2.619E+05 62.008 2.138 
337 192 116.665 8.699E+04 29.547 1.295 
338 192 127.221 7.341E+04 24.136 2.506 
339 192 140.122 1.426E+05 43.047 2.685 
340 192 144.814 1.610E+05 45.182 2.434 












342 192 161.820 5.420E+04 17.278 3.091 
343 198 16.972 3.778E+04 10.683 3.204 
344 198 96.726 1.002E+05 25.032 1.748 
345 198 104.350 3.855E+05 87.187 1.716 
346 198 111.974 5.087E+05 93.483 1.463 
347 198 124.289 9.329E+04 29.376 2.118 
348 198 129.567 7.261E+04 24.336 1.885 
349 198 147.159 1.849E+05 56.606 3.098 
350 198 159.475 1.387E+05 29.6 2.280 
351 198 182.932 4.434E+04 10.668 5.303 
352 198 209.908 3.277E+05 66.491 0.878 
353 204 38.083 5.899E+04 16.698 2.600 
354 204 118.424 1.668E+05 48.462 1.218 
355 204 149.505 5.094E+05 111.882 1.591 
356 204 224.568 2.217E+05 54.418 2.311 
357 204 227.501 1.285E+05 32.719 0.866 
358 204 294.940 1.646E+05 35.635 3.702 
359 210 42.188 9.386E+04 23.755 4.275 
360 210 107.282 1.007E+05 33.119 2.176 
361 210 233.365 2.183E+05 41.464 1.607 
362 210 304.323 7.499E+04 20.126 4.928 
363 210 322.502 9.241E+04 27.887 3.280 
364 210 333.058 1.105E+05 24.928 1.935 
365 216 34.565 1.054E+05 19.144 1.802 
366 216 105.523 1.767E+05 42.625 1.289 
367 216 122.529 1.839E+05 57.933 2.532 
368 216 140.709 3.623E+05 79.564 1.913 
369 216 151.851 1.057E+05 29.946 2.419 
370 216 216.945 6.913E+05 83.4 1.249 
371 216 227.501 6.398E+04 21.439 1.223 
372 216 272.069 8.312E+04 19.371 5.078 
373 216 319.570 1.169E+05 27.268 1.935 
374 216 326.021 1.130E+05 27.726 2.123 
375 216 328.367 7.203E+04 21.446 2.384 
376 216 330.712 9.715E+04 25.743 2.259 
377 216 354.170 1.058E+05 25.068 1.519 
378 222 111.974 1.438E+05 40.391 1.824 












380 222 130.153 8.686E+05 138.842 1.316 
381 222 136.017 1.100E+05 37.395 4.208 
382 222 146.573 9.018E+04 26.551 1.961 
383 222 192.901 1.146E+05 24.471 4.856 
384 222 264.446 7.097E+04 19.915 6.101 
385 222 290.835 6.467E+04 18.573 3.566 
386 228 18.145 6.459E+04 15.78 2.982 
387 228 96.726 1.492E+05 26.249 1.385 
388 228 309.014 3.062E+05 42.759 1.550 
389 228 314.292 7.583E+04 20.812 4.854 
390 228 337.163 1.032E+05 22.332 2.110 
391 228 356.515 1.340E+05 37.631 2.771 
392 234 101.418 2.195E+05 48.2 2.680 
393 234 109.628 1.120E+05 34.778 2.383 
394 234 150.678 5.326E+04 18.097 2.381 
395 234 347.719 1.376E+05 36.253 5.428 
396 240 75.615 6.366E+04 17.466 8.266 
397 240 138.949 2.872E+05 62.208 1.419 
398 240 159.475 4.838E+04 15.001 1.671 
399 240 206.389 8.705E+04 19.648 1.487 
400 240 209.321 9.091E+04 24.431 2.182 
401 240 354.170 6.666E+04 16.574 1.987 
402 246 67.991 6.554E+04 15.24 4.838 
403 246 112.560 4.585E+05 106.823 0.958 
404 246 124.289 3.718E+05 94.292 2.628 
405 246 129.567 9.619E+04 31.672 2.422 
406 246 133.672 4.010E+05 90.643 0.818 
407 246 147.159 2.549E+05 59.372 1.771 
408 252 104.936 2.310E+05 59.427 2.013 
409 252 116.665 3.583E+05 90.541 1.154 
410 252 158.302 8.717E+04 20.908 1.473 
411 252 204.043 1.574E+05 29.163 1.250 
412 252 293.181 1.579E+05 28.709 0.586 
413 258 8.762 4.693E+04 10.864 5.748 
414 258 33.978 8.185E+04 20.601 1.498 
415 258 59.781 7.444E+04 16.996 6.427 
416 258 108.455 2.112E+05 57.467 2.311 












418 258 121.357 1.620E+05 48.29 3.205 
419 258 127.221 3.628E+05 96.775 2.319 
420 258 133.085 3.090E+05 76.502 0.969 
421 258 137.190 1.530E+05 48.09 2.548 
422 258 143.641 2.426E+05 70.602 2.682 
423 258 218.704 2.660E+05 54.715 2.555 
424 258 257.995 1.084E+05 26.366 5.424 
425 264 49.812 1.055E+05 23.348 7.571 
426 264 116.079 1.885E+05 49.412 0.872 
427 264 140.709 1.029E+05 32.691 3.116 
428 264 244.507 2.731E+05 42.485 1.270 
429 264 292.594 7.086E+04 20.751 1.286 
430 264 337.163 1.402E+05 31.98 3.181 
431 270 151.265 1.570E+05 40.353 0.840 
432 276 33.392 6.857E+04 15.39 1.362 
433 276 100.245 1.270E+05 37.219 1.192 
434 276 105.523 3.836E+05 64.921 1.341 
435 276 110.214 1.297E+05 35.433 2.076 
436 276 296.113 1.134E+05 25.483 3.348 
437 282 123.702 2.362E+05 71.055 1.357 
438 282 136.604 1.229E+05 37.974 1.851 
439 282 144.814 4.772E+05 89.39 1.438 
440 282 150.678 2.644E+05 58.592 0.781 
441 288 99.659 2.010E+05 48.912 1.234 
442 288 117.252 2.257E+05 64.158 2.376 
443 288 127.221 5.614E+05 111.605 1.240 
444 288 134.258 2.118E+05 64.786 1.682 
445 288 165.339 1.799E+05 39.412 2.934 
446 288 234.538 2.697E+05 53.021 4.210 
447 288 241.575 1.296E+05 27.305 1.719 
448 294 23.423 1.203E+05 30.293 5.580 
449 294 84.411 4.006E+04 10.873 3.283 
450 294 90.862 5.484E+04 14.044 5.169 
451 294 103.177 6.513E+04 20.445 2.857 
452 294 124.289 1.387E+05 43.588 1.242 
453 294 216.358 9.201E+04 25.56 2.925 
454 294 322.502 5.052E+04 12.702 3.024 












456 294 338.922 1.558E+05 37.285 3.170 
457 294 342.441 2.243E+05 43.607 1.587 
458 294 344.787 1.292E+05 34.442 2.323 
459 294 347.719 3.153E+05 47.29 1.224 
460 294 355.343 8.185E+04 22.253 4.112 
461 294 362.966 2.153E+05 37.498 175.440 
462 300 16.972 1.951E+05 30.065 1.455 
463 300 110.801 7.803E+04 25.86 2.099 
464 300 114.906 3.866E+05 74.825 1.778 
465 300 141.295 3.032E+05 67.99 1.707 
466 300 151.265 9.952E+04 31.104 1.793 
467 300 157.129 1.836E+05 44.462 0.779 
468 300 280.866 8.672E+04 25.085 3.385 
469 306 66.818 8.619E+04 19.035 5.234 
470 306 126.048 1.114E+05 36.926 1.781 
471 306 134.258 3.768E+05 91.278 1.381 
472 306 144.227 7.033E+04 22.608 2.696 
473 306 170.617 1.638E+05 33.921 3.510 
474 312 109.041 1.050E+05 27.295 1.564 
475 312 129.567 3.975E+05 94.73 2.687 
476 312 157.129 1.266E+05 40.714 1.376 
477 312 162.407 1.251E+05 27.265 2.193 
478 312 175.308 1.195E+05 24.443 1.856 
479 312 307.842 2.225E+05 40.928 3.210 
480 318 2.311 2.519E+05 51.641 3.299 
481 318 121.357 2.625E+05 58.248 2.294 
482 318 139.536 2.826E+05 70.12 2.298 
483 318 199.352 1.319E+05 31.591 1.575 
484 318 204.630 4.868E+05 74.317 1.336 
485 318 211.667 1.347E+05 36.093 2.109 
486 318 214.013 1.816E+05 40.882 0.984 
487 318 249.199 3.409E+05 52.38 1.802 
488 318 269.724 1.246E+05 26.514 4.486 
489 318 278.520 3.098E+05 59.341 0.967 
490 324 12.280 9.711E+04 22.518 4.522 
491 324 220.463 9.578E+04 30.485 1.837 
492 324 222.223 1.087E+05 30.401 1.730 












494 324 245.093 1.448E+05 42.489 4.367 
495 324 256.236 1.117E+05 30.572 1.792 
496 324 260.341 6.109E+04 20.686 1.930 
497 324 262.100 8.118E+04 23.24 1.634 
498 324 263.859 1.477E+05 32.77 1.159 
499 324 320.743 1.653E+05 26.689 1.562 
500 330 5.830 7.747E+04 19.979 3.269 
501 330 18.731 8.069E+04 17.84 1.982 
502 330 83.825 5.558E+04 13.072 2.597 
503 330 125.462 1.177E+05 34.833 1.163 
504 330 137.190 1.721E+05 42.751 2.397 
505 330 215.186 2.034E+05 53.604 0.874 
506 330 226.914 1.954E+05 47.668 1.988 
507 336 163.580 4.492E+04 12.892 2.477 
508 336 173.549 4.431E+04 12.409 2.634 
509 336 198.179 2.717E+05 43.671 0.951 
510 336 207.562 1.618E+05 42.461 2.925 
511 336 278.520 1.337E+05 29.925 1.008 
512 336 283.212 2.659E+05 38.47 1.648 
513 336 340.095 6.729E+04 18.023 2.128 
514 336 357.102 3.492E+04 10.866 1.240 
515 342 124.875 6.421E+04 20.97 1.374 
516 342 130.153 2.218E+05 51.277 2.621 
517 342 220.463 1.605E+05 46.621 0.987 
518 342 223.982 1.229E+05 37.742 1.902 
519 342 236.883 2.984E+05 62.974 1.148 
520 342 239.816 3.791E+05 69.289 0.664 
521 348 86.757 7.131E+04 15.727 3.074 
522 348 135.431 2.542E+05 49.183 1.453 
523 348 154.197 3.510E+05 58.99 1.222 
524 348 202.870 1.531E+05 33.8 2.312 
525 348 212.253 1.161E+05 35.711 1.641 
526 348 254.476 8.567E+04 24.922 1.741 
527 348 256.236 1.070E+05 28.929 1.461 
528 348 260.341 7.959E+04 23.786 2.120 
529 348 356.515 1.113E+05 27.154 1.343 
530 354 93.208 9.373E+04 18.957 4.630 












532 354 120.770 8.217E+04 21.555 2.100 
533 354 142.468 2.618E+05 62.051 2.527 
534 354 220.463 2.657E+05 52.391 0.726 
535 354 338.922 8.386E+04 17.956 1.461 
536 360 162.993 9.875E+04 26.611 2.670 
537 360 216.945 2.644E+05 51.65 1.155 
538 360 218.704 1.083E+05 33.432 1.680 
539 360 228.087 2.394E+05 54.933 1.248 
540 360 287.903 5.463E+05 74.562 1.680 
541 360 293.767 4.081E+05 58.623 1.663 
542 360 304.909 5.891E+04 18.176 5.606 
543 360 313.706 6.415E+04 18.661 5.630 
544 360 319.570 7.118E+04 19.172 3.014 
545 360 323.675 9.973E+04 24.627 2.214 
546 360 326.607 1.274E+05 26.986 1.333 
547 366 5.243 1.377E+05 31.77 3.337 
548 366 65.059 9.671E+04 23.563 6.574 
549 366 140.122 1.770E+05 36.172 1.375 
550 366 147.159 8.392E+04 19.03 1.480 
551 366 153.024 8.002E+04 21.693 2.131 
552 366 212.253 3.646E+05 53.422 0.800 
553 366 238.056 8.452E+05 114.023 1.213 
554 372 119.011 1.686E+05 35.416 1.703 
555 372 123.702 4.077E+05 71.702 1.986 
556 372 158.302 2.504E+05 49.218 1.226 
557 372 230.433 3.780E+05 67.848 0.771 
558 372 241.575 2.698E+05 67.098 2.676 
559 372 248.026 2.882E+05 65.427 1.965 
560 372 252.717 6.922E+05 80.633 0.598 
561 372 328.953 7.901E+04 17.914 1.912 
562 378 133.085 7.714E+04 21.319 2.655 
563 378 168.857 1.266E+05 28.8 1.876 
564 378 189.969 7.362E+04 18.643 8.385 
565 378 225.155 1.506E+05 39.791 1.694 
566 378 229.260 3.435E+05 61.582 0.783 
567 384 145.987 7.043E+04 20.219 1.676 
568 384 170.617 3.569E+04 11.723 2.047 












570 390 157.715 1.890E+05 51.88 1.852 
571 390 243.921 1.798E+05 45.057 1.540 
572 390 246.266 9.422E+04 33.382 2.631 
573 396 127.807 6.837E+04 22.475 1.149 
574 396 223.396 7.155E+04 23.522 2.436 
575 396 258.581 2.127E+05 55.703 1.181 
576 402 24.595 1.044E+05 20.944 4.696 
577 402 131.326 2.197E+05 53.584 2.002 
578 402 142.468 1.481E+05 48.579 2.547 
579 402 144.814 2.252E+05 52.873 1.038 
580 402 165.925 1.456E+05 41.352 2.807 
581 402 197.006 9.727E+04 24.019 4.314 
582 408 93.794 4.501E+04 12.54 3.754 
583 408 114.319 1.766E+05 47.837 2.056 
584 408 127.807 3.025E+05 74.625 0.610 
585 408 138.363 3.986E+05 89.054 2.522 
586 408 152.437 7.785E+04 25.616 1.976 
587 408 158.302 7.830E+04 28.352 1.806 
588 408 253.890 6.510E+05 119.55 1.294 
589 408 256.822 6.068E+05 130.443 1.172 
590 408 274.415 1.184E+05 42.888 3.035 
591 414 71.510 1.503E+05 43.068 7.795 
592 414 162.993 1.546E+05 48.369 2.834 
593 414 232.778 9.855E+04 34.298 2.992 
594 414 263.273 5.466E+05 111.698 2.057 
595 414 266.791 6.941E+05 115.494 1.565 
596 414 285.557 2.426E+05 57.079 2.625 
597 414 317.225 2.376E+05 54.163 2.132 
598 414 329.540 1.422E+05 47.317 1.675 
599 414 333.645 9.892E+04 27.048 3.060 
600 414 337.163 1.862E+05 38.024 1.831 
601 414 342.441 1.028E+05 24.158 3.337 
602 414 348.892 1.376E+05 27.646 2.337 
603 420 122.529 7.927E+04 33.483 3.819 
604 420 144.227 1.368E+05 42.197 1.257 
605 420 172.376 1.669E+05 54.297 3.833 
606 420 236.297 2.275E+05 63.232 1.965 












608 420 279.107 2.511E+05 60.651 1.279 
609 420 289.662 3.306E+05 80.677 2.274 
610 420 293.181 3.597E+05 90.661 1.931 
611 420 296.113 1.252E+05 48.559 2.722 
612 420 298.459 2.045E+05 60.164 2.054 
613 420 301.977 3.140E+05 70.927 2.054 
614 420 306.669 1.596E+05 46.268 2.610 
615 420 311.947 1.812E+05 56.865 1.617 
616 420 314.292 9.835E+04 37.161 2.289 
617 420 327.780 4.549E+05 81.079 0.661 
618 426 119.011 3.563E+05 85.507 2.466 
619 432 114.906 1.301E+05 51.575 2.611 
620 432 131.326 8.694E+04 30.959 2.452 
621 432 135.431 1.516E+05 49.469 3.076 
622 432 157.715 1.287E+05 38.959 1.642 
623 432 247.439 9.670E+04 40.292 1.579 
624 438 275.001 1.771E+05 67.093 1.080 
625 438 277.934 3.339E+05 98.769 0.535 
626 444 125.462 2.341E+05 70.594 2.093 
627 444 140.122 1.362E+05 50.289 2.693 
628 444 143.641 7.031E+04 32.604 2.433 
629 444 178.827 6.490E+04 23.552 1.407 
630 444 211.080 2.678E+05 77.377 2.984 
631 450 154.783 2.003E+05 70.152 3.018 
632 450 198.765 1.282E+05 44.311 1.822 
633 450 201.111 1.396E+05 48.878 1.964 
634 450 205.803 1.620E+05 59.994 3.810 
635 450 215.186 2.660E+05 83.804 2.641 
636 450 220.463 2.681E+05 95.191 3.873 
637 450 229.846 1.314E+06 227.951 1.368 
638 450 234.538 3.028E+05 107.536 2.912 
639 450 238.056 3.226E+05 121.283 2.456 
640 450 240.988 3.529E+05 106.733 2.099 
641 450 245.680 4.523E+05 126.12 1.499 
642 450 249.785 4.497E+05 137.366 1.952 
643 450 253.304 4.068E+05 113.443 2.264 
644 450 260.341 7.441E+05 163.194 1.598 












646 450 272.069 3.766E+05 106.802 1.952 
647 450 276.761 2.515E+05 91.825 1.227 
648 450 279.107 2.699E+05 93.351 1.210 
649 450 281.452 5.166E+05 128.837 1.158 
650 450 298.459 1.490E+05 61.921 2.311 
651 450 305.496 2.136E+05 80.284 1.649 
652 450 309.601 2.209E+05 67.453 2.368 
653 450 314.292 1.411E+05 52.235 2.031 
654 450 357.688 6.848E+04 28.438 8.476 
655 456 289.076 3.141E+05 111.69 1.604 
656 456 291.422 2.537E+05 88.109 1.647 
657 456 294.354 4.179E+05 112.143 1.571 
658 456 301.391 1.801E+05 70.305 1.372 
659 456 303.150 9.698E+04 40.985 1.036 
660 456 319.570 1.623E+05 62.472 1.230 
661 456 321.330 1.138E+05 49.873 1.486 
662 456 325.435 2.242E+05 72.203 1.833 
663 462 174.722 4.815E+04 27.614 4.084 
664 462 178.240 7.703E+04 39.758 2.166 
665 462 347.133 1.614E+05 56.932 3.099 
666 474 315.465 1.609E+05 59.464 1.465 
667 492 22.836 1.058E+05 41.557 3.339 
668 498 140.122 1.424E+05 55.922 2.590 
669 504 18.145 8.226E+04 40.564 3.882 
670 504 133.085 6.854E+04 40.619 3.668 
671 510 87.344 1.219E+05 51.081 11.575 
672 510 136.017 7.685E+04 44.332 3.210 
673 510 189.969 3.213E+05 92.105 1.322 
674 510 198.765 8.003E+04 36.138 2.011 
675 510 221.636 5.228E+04 31.875 0.866 
676 510 225.741 1.455E+05 60.156 1.599 
677 510 229.846 9.363E+04 45.312 1.953 
678 510 239.816 7.472E+04 36.841 4.136 
679 510 248.612 9.970E+04 47.378 2.202 
680 510 257.409 1.492E+05 64.376 3.542 
681 510 265.619 1.007E+05 49.669 4.145 
682 510 271.483 7.248E+04 37.195 3.500 












684 510 290.835 7.689E+04 36.532 1.929 
685 510 293.767 7.245E+04 33.254 2.032 
686 516 124.289 1.203E+05 39.71 2.683 
687 516 180.000 6.217E+05 158.82 0.874 
688 516 182.345 4.929E+05 150.379 1.152 
689 522 128.394 1.087E+05 43.769 3.093 
690 522 160.647 1.116E+05 44.385 2.053 
691 522 170.617 1.283E+05 53.784 3.564 
692 522 218.704 6.505E+04 32.706 1.602 
693 522 221.636 4.860E+04 30.541 1.262 
694 528 157.715 6.012E+04 33.795 3.312 
695 528 166.512 1.112E+05 44.783 3.143 
696 540 186.450 9.089E+04 51.112 3.267 
697 540 191.728 1.028E+05 60.968 2.264 
698 540 199.352 2.580E+05 114.74 1.505 
699 540 202.870 3.711E+05 186.727 2.740 
700 540 208.735 2.999E+05 117.841 2.441 
701 540 225.741 9.266E+04 60.176 2.340 
702 540 229.260 9.778E+04 57.964 1.893 
703 540 234.538 7.444E+04 42.944 3.202 














1 6 46.880 2.244E+05 30.118 3.552 
2 6 105.523 2.321E+05 27.213 2.464 
3 6 124.875 2.241E+05 32.403 2.883 
4 6 167.685 1.312E+05 23.703 1.766 
5 6 175.895 2.716E+05 36.467 2.264 
6 6 182.345 1.334E+05 23.385 2.555 
7 6 195.833 1.306E+05 24.369 1.953 
8 6 236.883 1.484E+05 26.817 4.180 
9 6 267.964 2.397E+05 44.752 2.056 
10 6 290.835 1.764E+05 31.884 2.943 
11 6 311.947 2.551E+05 43.479 2.529 
12 6 318.397 3.111E+05 47.968 2.849 
13 6 321.916 1.269E+05 22.918 1.637 
14 6 348.892 2.552E+05 44.749 4.159 
15 6 357.688 4.311E+05 52.701 3.468 
16 12 29.287 1.515E+05 20.539 2.191 
17 12 77.961 2.082E+05 31.572 2.882 
18 12 93.794 1.675E+05 22.342 2.006 
19 12 119.597 1.383E+05 25.674 2.054 
20 12 134.844 1.253E+05 22.566 2.784 
21 12 144.227 1.795E+05 29.826 3.265 
22 12 147.159 1.959E+05 30.346 2.677 
23 12 154.783 9.413E+04 16.029 3.044 
24 12 161.234 2.333E+05 32.756 1.825 
25 12 216.358 2.833E+05 48.308 2.609 
26 12 261.514 3.620E+05 48.33 2.531 
27 12 275.001 6.974E+05 87.646 1.669 
28 12 279.693 1.004E+05 16.269 2.115 
29 12 333.645 2.816E+05 35.369 2.742 
30 12 341.268 1.176E+05 19.053 2.461 
31 18 13.453 1.412E+05 22.661 1.843 
32 18 17.558 1.607E+05 25.239 1.592 
33 18 53.331 1.367E+05 20.629 2.461 
34 18 66.818 3.964E+05 48.258 1.464 
35 18 117.838 2.783E+05 46.758 1.894 
36 18 131.912 2.636E+05 34.294 1.514 












38 18 168.857 1.116E+05 20.243 1.743 
39 18 191.142 3.497E+05 38.859 1.370 
40 18 197.593 1.405E+05 20.065 1.487 
41 18 206.975 2.193E+05 29.376 1.267 
42 18 214.013 1.837E+05 30.85 2.853 
43 18 221.636 2.440E+05 32.217 3.147 
44 18 225.741 3.125E+05 46.315 2.595 
45 18 240.988 6.252E+05 64.925 1.860 
46 18 253.890 2.634E+05 39.023 1.990 
47 18 257.995 1.927E+05 34.035 2.653 
48 18 269.724 2.172E+05 38.366 1.956 
49 18 284.384 1.671E+05 23.872 3.778 
50 18 309.601 6.522E+05 79.431 2.169 
51 24 22.836 1.670E+05 26.355 2.821 
52 24 37.497 4.447E+05 56.572 1.286 
53 24 62.127 3.162E+05 46.228 2.123 
54 24 75.028 3.750E+05 37.142 1.340 
55 24 80.893 3.230E+05 45.626 2.122 
56 24 84.411 6.056E+05 75.048 2.730 
57 24 102.004 3.476E+05 46.128 0.998 
58 24 114.319 4.313E+05 59.004 1.866 
59 24 137.777 3.544E+05 43.352 2.054 
60 24 228.673 1.405E+05 24.92 3.189 
61 24 232.778 1.946E+05 38.866 1.229 
62 24 265.619 1.620E+05 23.664 2.536 
63 24 296.699 2.206E+05 32.24 1.103 
64 24 304.323 1.806E+05 22.952 1.768 
65 24 322.502 1.650E+05 32.952 1.976 
66 24 330.126 1.802E+05 33.813 1.668 
67 24 338.336 9.152E+04 15.81 2.470 
68 30 89.103 1.606E+05 25.645 4.013 
69 30 95.554 1.320E+05 22.469 2.379 
70 30 128.980 3.287E+05 52.537 2.857 
71 30 149.505 2.150E+05 44.361 1.747 
72 30 162.407 4.658E+05 62.045 1.697 
73 30 250.958 3.835E+05 51.085 1.172 
74 30 272.069 2.823E+05 48.098 2.741 












76 30 324.848 3.768E+05 48.85 2.105 
77 30 344.200 5.639E+05 65.057 2.453 
78 30 352.997 1.477E+05 23.589 2.412 
79 36 12.867 2.071E+05 31.258 1.221 
80 36 17.558 9.784E+04 19.525 1.366 
81 36 41.015 1.666E+05 26.101 1.552 
82 36 50.985 2.390E+05 35.461 0.821 
83 36 56.849 1.145E+05 17.265 3.128 
84 36 101.418 2.517E+05 43.896 1.290 
85 36 117.838 1.672E+05 29.149 1.664 
86 36 133.672 8.912E+04 18.367 3.015 
87 36 151.265 2.040E+05 26.426 1.387 
88 36 158.302 2.549E+05 38.488 1.594 
89 36 177.067 3.017E+05 42.621 2.461 
90 36 183.518 3.500E+05 43.673 1.594 
91 36 207.562 3.530E+05 56.423 1.578 
92 36 233.365 5.265E+05 60.739 0.781 
93 36 255.063 9.686E+04 18.751 2.267 
94 36 280.279 3.164E+05 40.484 1.587 
95 36 295.527 2.653E+05 35.329 1.223 
96 36 311.947 3.415E+05 59.562 2.043 
97 36 320.743 1.424E+05 23.718 1.744 
98 36 331.299 2.690E+05 36.853 1.183 
99 42 1.138 1.228E+05 20.434 4.645 
100 42 5.830 2.961E+05 38.889 4.055 
101 42 25.182 1.586E+05 29.858 1.395 
102 42 29.873 2.134E+05 31.653 2.666 
103 42 32.805 2.314E+05 32.683 2.611 
104 42 36.324 2.009E+05 33.46 1.764 
105 42 43.361 3.596E+05 55.313 2.189 
106 42 60.954 2.038E+05 33.946 1.838 
107 42 66.818 8.773E+04 16.98 1.536 
108 42 104.350 1.829E+05 25.424 1.614 
109 42 112.560 2.048E+05 33.397 1.814 
110 42 125.462 3.092E+05 51.529 2.318 
111 42 145.400 1.578E+05 24.708 2.357 
112 42 148.332 2.713E+05 46.224 1.638 












114 42 198.179 9.424E+04 18.244 2.551 
115 42 201.698 2.335E+05 39.784 1.572 
116 42 239.229 1.653E+05 26.954 3.034 
117 42 243.334 6.723E+05 77.572 2.367 
118 42 259.754 3.677E+05 54.566 1.075 
119 42 274.415 1.300E+05 22.644 1.888 
120 42 299.045 1.260E+05 19.728 2.019 
121 42 310.187 2.272E+05 36.3 1.674 
122 42 336.577 2.149E+05 28.218 1.673 
123 42 340.095 1.956E+05 36.835 1.794 
124 42 347.133 1.581E+05 25.251 1.930 
125 42 350.065 1.094E+05 20.578 1.534 
126 42 355.343 8.934E+04 18.412 1.864 
127 48 11.107 1.034E+05 18.006 1.840 
128 48 26.941 2.284E+05 37.254 1.919 
129 48 51.571 1.294E+05 22.02 1.092 
130 48 80.893 2.975E+05 43.402 1.232 
131 48 97.313 1.356E+05 22.57 2.126 
132 48 120.184 1.395E+05 28.765 2.288 
133 48 139.536 3.100E+05 39.659 2.232 
134 48 167.098 2.785E+05 37.604 1.581 
135 48 250.371 4.955E+05 59.702 1.142 
136 48 359.448 1.251E+05 22.343 1.694 
137 54 19.317 3.018E+05 45.574 2.082 
138 54 23.423 4.161E+05 60.713 1.489 
139 54 48.053 1.490E+05 28.046 2.309 
140 54 67.991 2.007E+05 30.295 1.291 
141 54 75.615 2.626E+05 34.959 0.753 
142 54 107.869 3.372E+05 50.93 3.053 
143 54 131.912 4.447E+05 60.074 1.722 
144 54 155.370 2.133E+05 38.111 1.569 
145 54 174.135 2.511E+05 48.665 2.338 
146 54 200.525 8.951E+04 17.326 2.149 
147 54 207.562 3.298E+05 48.117 1.482 
148 54 214.013 2.833E+05 45.271 3.461 
149 54 224.568 2.274E+05 31.158 1.606 
150 54 229.846 7.496E+04 13.717 3.331 












152 54 277.347 2.741E+05 39.979 1.789 
153 54 287.317 2.838E+05 40.723 1.105 
154 54 305.496 1.212E+05 20.178 1.503 
155 54 316.638 2.602E+05 46.486 1.710 
156 54 321.330 1.884E+05 28.958 1.617 
157 54 328.367 1.785E+05 31.886 3.328 
158 60 14.626 2.245E+05 37.4 1.081 
159 60 39.256 6.499E+05 78.311 1.585 
160 60 46.293 1.990E+05 38.569 2.036 
161 60 54.503 5.507E+04 11.337 3.262 
162 60 59.195 3.746E+05 49.888 2.017 
163 60 94.967 1.085E+05 19.368 1.287 
164 60 113.733 1.655E+05 26.432 2.163 
165 60 147.746 1.702E+05 28.346 1.719 
166 60 162.407 9.466E+04 18.891 3.316 
167 60 175.895 2.489E+05 46.874 1.988 
168 60 182.345 3.190E+05 47.342 1.657 
169 60 193.488 4.212E+05 62.52 1.693 
170 60 254.476 2.271E+05 34.281 1.948 
171 60 263.859 2.050E+05 32.754 3.223 
172 60 268.551 3.513E+05 43.834 1.825 
173 60 340.095 2.440E+05 30.813 0.913 
174 60 348.892 4.637E+05 59.349 1.815 
175 60 355.343 1.576E+05 21.909 1.475 
176 66 43.361 1.415E+05 27.415 2.839 
177 66 75.028 1.723E+05 31.567 1.350 
178 66 81.479 4.694E+05 62.528 1.563 
179 66 84.998 4.597E+05 56.686 1.510 
180 66 118.424 5.146E+05 71.601 2.194 
181 66 124.289 5.825E+05 88.001 2.315 
182 66 144.227 2.737E+05 36.445 2.050 
183 66 154.197 3.685E+05 55.663 1.413 
184 66 165.925 3.175E+05 49.755 1.957 
185 66 187.623 2.700E+05 42.311 1.720 
186 66 259.168 1.070E+05 19.095 1.555 
187 66 282.625 1.741E+05 30.355 1.635 
188 66 284.384 4.007E+05 60.523 1.361 












190 66 300.218 3.563E+05 48.126 1.458 
191 66 311.360 4.076E+05 61.559 2.372 
192 66 315.465 4.727E+05 89.057 1.551 
193 66 331.299 8.044E+04 15.128 2.670 
194 66 334.817 1.240E+05 20.208 2.745 
195 66 358.275 1.736E+05 31.009 2.209 
196 72 14.040 2.523E+05 44.001 1.420 
197 72 21.663 2.748E+05 38.819 1.666 
198 72 32.219 2.543E+05 41.481 1.163 
199 72 51.571 4.419E+05 62.43 1.915 
200 72 66.232 4.093E+05 60.748 2.166 
201 72 90.862 7.966E+04 16.413 2.334 
202 72 96.140 3.024E+05 38.203 1.059 
203 72 103.764 3.239E+05 42.552 2.561 
204 72 110.801 1.691E+05 29.481 1.690 
205 72 126.634 1.524E+05 30.427 2.937 
206 72 134.258 1.198E+05 21.379 1.954 
207 72 148.919 1.008E+05 20.119 1.716 
208 72 157.129 3.049E+05 46.048 1.852 
209 72 169.444 1.998E+05 30.715 3.646 
210 72 178.240 1.578E+05 29.701 2.793 
211 72 204.043 3.630E+05 46.443 1.638 
212 72 219.877 2.529E+05 38.879 2.390 
213 72 224.568 7.405E+04 14.77 1.943 
214 72 238.056 2.717E+05 38.378 2.350 
215 72 252.717 1.074E+05 21.443 2.483 
216 72 276.174 1.831E+05 29.857 1.609 
217 72 306.082 2.100E+05 37.515 1.838 
218 72 324.262 2.575E+05 33.372 1.395 
219 78 35.151 1.076E+05 22.19 2.855 
220 78 89.103 1.574E+05 28.849 2.003 
221 78 121.943 2.390E+05 46.327 2.407 
222 78 181.759 1.336E+05 25.877 1.909 
223 78 192.315 4.260E+05 55.977 1.816 
224 78 197.006 3.053E+05 43.814 3.029 
225 78 227.501 1.233E+05 17.677 2.528 
226 78 232.192 1.212E+05 21.632 2.712 












228 78 266.205 2.183E+05 33.557 1.620 
229 78 279.693 2.948E+05 37.24 2.251 
230 78 313.706 2.844E+05 45.457 2.052 
231 78 351.238 1.481E+05 22.76 1.991 
232 78 362.380 1.800E+05 25.826 265.342 
233 84 7.002 1.638E+05 23.879 1.372 
234 84 26.355 2.872E+05 42.613 3.216 
235 84 31.633 8.587E+04 17.132 1.386 
236 84 39.843 1.796E+05 28.13 2.228 
237 84 45.707 1.601E+05 29.343 1.951 
238 84 53.917 3.669E+05 59.857 2.189 
239 84 57.436 2.750E+05 44.862 1.261 
240 84 68.578 2.195E+05 36.565 2.521 
241 84 94.967 2.967E+05 40.071 1.168 
242 84 136.604 2.544E+05 32.539 1.822 
243 84 158.888 9.978E+04 19.913 1.467 
244 84 173.549 3.980E+05 51.595 1.330 
245 84 187.623 2.847E+05 50.874 1.836 
246 84 222.223 7.934E+04 14.521 1.782 
247 84 242.748 3.564E+05 44.472 2.185 
248 84 259.168 3.973E+05 51.505 1.235 
249 84 271.483 2.800E+05 40.186 1.234 
250 84 299.632 4.452E+05 59.309 1.528 
251 84 303.150 2.547E+05 47.973 3.609 
252 84 322.502 1.019E+05 17.741 1.964 
253 84 343.027 3.357E+05 49.81 1.562 
254 90 14.626 4.963E+05 63.518 1.401 
255 90 19.904 1.482E+05 25.226 2.616 
256 90 64.473 1.769E+05 28.846 2.463 
257 90 75.615 1.157E+05 23.102 2.774 
258 90 79.133 2.756E+05 36.193 2.738 
259 90 84.411 1.666E+05 29.04 1.865 
260 90 107.282 3.788E+05 60.547 2.302 
261 90 111.387 2.978E+05 53.224 1.400 
262 90 119.011 2.948E+05 46.206 2.004 
263 90 128.394 7.503E+04 14.107 1.767 
264 90 141.882 8.801E+04 17.56 1.081 












266 90 272.656 2.789E+05 45.493 1.420 
267 90 293.181 1.135E+05 18.487 1.375 
268 90 328.367 2.132E+05 34.069 1.789 
269 90 339.509 2.555E+05 35.01 1.883 
270 96 36.324 1.178E+05 18.445 1.111 
271 96 42.775 9.400E+04 16.774 2.208 
272 96 47.466 3.856E+05 49.341 1.558 
273 96 58.608 3.802E+05 53.719 1.514 
274 96 123.116 4.140E+05 55.138 1.530 
275 96 151.851 1.698E+05 27.676 3.099 
276 96 157.715 2.623E+05 41.105 1.474 
277 96 162.407 1.088E+05 19.424 3.413 
278 96 199.938 1.939E+05 27.818 1.538 
279 96 204.630 6.086E+05 70.216 1.249 
280 96 216.945 3.909E+05 50.671 2.498 
281 96 219.877 2.031E+05 36.275 2.388 
282 96 234.538 2.171E+05 34.02 0.954 
283 96 256.822 6.335E+05 72.341 1.565 
284 96 265.619 1.622E+05 27.01 1.417 
285 96 353.583 9.035E+04 15.031 2.937 
286 102 6.416 1.123E+05 22.414 1.249 
287 102 52.158 2.294E+05 31.902 1.823 
288 102 98.486 2.101E+05 36.631 1.786 
289 102 112.560 4.342E+05 60.404 0.700 
290 102 142.468 1.362E+05 25.643 1.365 
291 102 173.549 1.094E+05 20.577 1.946 
292 102 185.278 1.157E+05 23.851 1.951 
293 102 189.969 3.318E+05 40.431 1.995 
294 102 211.667 2.481E+05 34.5 1.067 
295 102 233.365 1.797E+05 26.649 1.087 
296 102 249.199 4.060E+05 56.484 1.550 
297 102 306.082 2.497E+05 36.422 2.658 
298 102 315.465 1.120E+05 21.084 1.314 
299 102 336.577 2.210E+05 40.506 2.789 
300 102 342.441 2.063E+05 32.955 1.389 
301 102 349.478 1.192E+05 20.771 2.952 
302 108 5.243 1.680E+05 26.564 1.231 












304 108 37.497 9.746E+04 19.635 1.901 
305 108 82.652 1.796E+05 30.2 2.766 
306 108 85.584 2.165E+05 31.882 1.739 
307 108 100.245 2.039E+05 36.775 1.868 
308 108 128.394 4.413E+05 65.005 1.222 
309 108 136.017 3.937E+05 57.998 1.315 
310 108 170.617 1.873E+05 26.691 1.767 
311 108 181.759 5.813E+05 67.704 2.042 
312 108 208.735 2.364E+05 46.258 3.066 
313 108 212.840 1.652E+05 31.398 1.485 
314 108 222.809 2.641E+05 38.887 2.099 
315 108 228.087 1.588E+05 23.378 2.390 
316 108 266.791 1.337E+05 21.546 1.350 
317 108 275.588 8.206E+04 16.034 2.903 
318 108 283.798 2.762E+05 45.478 1.308 
319 108 293.767 2.440E+05 35.931 1.688 
320 108 299.045 2.679E+05 40.131 2.421 
321 108 323.675 1.166E+05 17.148 2.167 
322 108 327.194 1.074E+05 22.354 2.746 
323 108 330.126 2.500E+05 41.172 2.426 
324 114 32.219 1.092E+05 18.753 2.311 
325 114 69.164 1.488E+05 25.008 1.890 
326 114 73.856 1.305E+05 21.932 2.953 
327 114 92.035 2.916E+05 40.943 2.593 
328 114 105.523 5.391E+05 79.42 2.012 
329 114 108.455 3.643E+05 58.786 2.707 
330 114 112.560 2.767E+05 55.804 1.136 
331 114 119.011 1.253E+05 26.077 1.626 
332 114 126.634 2.234E+05 39.319 2.250 
333 114 177.067 1.500E+05 27.044 3.163 
334 114 198.765 1.182E+05 19.862 1.816 
335 114 243.921 1.196E+05 20.104 3.172 
336 114 252.717 1.216E+05 23.1 1.977 
337 114 261.514 1.133E+05 22.837 0.898 
338 114 291.422 9.200E+04 15.8 2.169 
339 114 301.977 2.287E+05 36.891 1.324 
340 114 316.052 1.186E+05 18.745 0.853 












342 120 14.626 2.990E+05 39.123 2.287 
343 120 41.602 1.857E+05 31.934 2.511 
344 120 155.956 2.926E+05 41.079 0.719 
345 120 205.216 4.393E+05 54.686 1.598 
346 120 250.371 3.167E+05 55.765 2.091 
347 120 260.927 1.615E+05 27.764 0.858 
348 120 282.625 2.447E+05 37.984 1.411 
349 120 286.144 1.914E+05 35.409 2.914 
350 120 338.922 3.220E+05 49.09 2.590 
351 126 4.070 1.546E+05 22.749 1.793 
352 126 18.145 2.153E+05 32.809 3.680 
353 126 49.812 2.710E+05 38.053 2.117 
354 126 53.917 8.764E+04 18.233 2.836 
355 126 94.967 2.003E+05 31.081 2.224 
356 126 112.560 2.894E+05 48.675 0.832 
357 126 120.184 1.955E+05 30.342 1.195 
358 126 136.017 3.398E+05 59.836 2.027 
359 126 141.882 4.094E+05 56.649 1.731 
360 126 144.814 1.520E+05 28.117 3.403 
361 126 160.647 3.044E+05 42.745 2.748 
362 126 168.271 2.080E+05 33.554 2.353 
363 126 171.790 1.136E+05 19.97 2.101 
364 126 185.864 2.006E+05 37.122 1.710 
365 126 201.698 2.389E+05 39.335 2.449 
366 126 211.667 1.519E+05 25.541 1.649 
367 126 224.568 2.670E+05 38.065 2.049 
368 126 236.297 2.801E+05 41.964 2.767 
369 126 256.236 7.346E+04 13.572 2.555 
370 126 273.829 3.181E+05 43.379 2.328 
371 126 313.120 2.260E+05 29.96 2.533 
372 126 335.404 3.342E+05 46.936 2.347 
373 132 9.935 1.603E+05 26.374 1.845 
374 132 28.700 2.679E+05 39.446 2.475 
375 132 38.083 1.787E+05 24.013 1.566 
376 132 45.120 4.423E+05 55.733 1.633 
377 132 67.405 1.572E+05 27.023 2.528 
378 132 70.337 1.471E+05 25.881 2.466 












380 132 86.757 4.962E+05 48.903 1.148 
381 132 103.177 2.613E+05 41.338 1.478 
382 132 123.116 1.481E+05 24.375 2.718 
383 132 132.499 2.111E+05 34.053 1.373 
384 132 137.777 1.674E+05 34.862 2.500 
385 132 148.332 3.856E+05 44.895 2.063 
386 132 155.956 1.690E+05 34.076 1.119 
387 132 184.105 2.046E+05 32.363 1.869 
388 132 232.778 6.898E+04 13.887 1.862 
389 132 248.612 2.813E+05 35.432 1.332 
390 132 252.717 1.577E+05 28.44 1.876 
391 132 294.940 1.545E+05 22.365 1.962 
392 132 301.977 1.017E+05 16.069 1.165 
393 132 306.669 4.198E+05 51.654 2.492 
394 132 316.638 1.313E+05 18.145 1.391 
395 132 327.194 1.687E+05 25.699 1.496 
396 132 344.787 1.761E+05 25.099 1.685 
397 132 354.170 1.388E+05 21.135 2.842 
398 138 8.175 1.417E+05 24.348 2.160 
399 138 32.219 3.050E+05 50.23 1.814 
400 138 110.214 1.623E+05 25.185 1.309 
401 138 116.079 2.922E+05 41.037 1.019 
402 138 165.925 8.275E+04 15.711 2.697 
403 138 175.895 1.227E+05 22.122 2.253 
404 138 207.562 2.213E+05 37.219 2.947 
405 138 219.877 1.096E+05 18.411 2.363 
406 138 277.347 1.248E+05 21.96 4.015 
407 138 280.866 3.119E+05 43.15 2.201 
408 138 291.422 2.891E+05 35.148 1.520 
409 138 351.238 7.883E+04 13.853 2.534 
410 138 357.102 9.941E+04 17.479 2.363 
411 144 55.676 1.301E+05 22.892 2.559 
412 144 99.659 1.175E+05 20.661 2.467 
413 144 127.221 2.914E+05 42.224 2.622 
414 144 131.326 2.151E+05 38.792 1.709 
415 144 179.413 1.798E+05 25.236 2.886 
416 144 186.450 4.458E+05 56.876 1.322 












418 144 228.673 2.485E+05 35.992 1.595 
419 144 250.371 1.333E+05 25.327 2.056 
420 144 257.995 1.675E+05 23.507 1.845 
421 144 265.032 2.840E+05 41.826 1.402 
422 150 31.046 1.059E+05 21.407 1.255 
423 150 46.293 9.074E+04 18.329 1.958 
424 150 52.744 2.863E+05 43.764 1.121 
425 150 64.473 2.005E+05 31.207 2.391 
426 150 103.764 2.968E+05 42.442 1.336 
427 150 114.906 1.084E+05 21.908 1.815 
428 150 134.844 1.760E+05 29.672 2.252 
429 150 140.709 2.371E+05 33.895 1.831 
430 150 155.370 1.477E+05 22.558 1.526 
431 150 158.302 9.559E+04 19.945 4.021 
432 150 201.698 6.001E+04 11.415 2.371 
433 150 233.951 1.840E+05 30.372 2.024 
434 150 270.310 1.609E+05 28.387 2.960 
435 150 289.076 2.451E+05 37.458 2.374 
436 150 297.286 1.494E+05 26.358 2.915 
437 150 300.804 1.446E+05 26.134 2.222 
438 150 326.607 4.489E+05 56.033 1.039 
439 150 338.336 2.668E+05 42.319 1.829 
440 156 49.225 1.219E+05 23.311 3.853 
441 156 62.127 2.220E+05 35.332 2.448 
442 156 77.374 1.940E+05 28.734 1.900 
443 156 111.974 2.483E+05 42.97 1.150 
444 156 146.573 1.753E+05 27.891 2.478 
445 156 170.030 2.154E+05 34.95 0.852 
446 156 194.660 3.180E+05 38.904 1.040 
447 156 213.426 1.515E+05 28.96 1.095 
448 156 221.636 2.597E+05 45.989 2.632 
449 156 243.921 1.898E+05 26.396 1.377 
450 156 253.304 8.236E+04 16.19 2.454 
451 156 282.625 3.002E+05 40.599 1.405 
452 156 321.916 1.841E+05 25.236 2.115 
453 156 332.472 1.431E+05 25.323 1.195 
454 156 355.929 1.025E+05 20.161 1.224 












456 162 31.633 1.395E+05 20.316 0.677 
457 162 53.331 1.915E+05 32.394 1.095 
458 162 75.028 5.436E+04 10.674 2.756 
459 162 148.919 1.414E+05 25.026 2.367 
460 162 188.210 9.174E+04 15.502 2.214 
461 162 205.803 4.488E+05 53.13 2.019 
462 162 218.118 3.219E+05 37.312 2.078 
463 162 225.155 1.952E+05 36.333 3.940 
464 162 265.032 4.130E+05 46.938 1.244 
465 162 316.052 1.104E+05 17.544 2.540 
466 162 334.231 2.498E+05 42.268 1.736 
467 162 350.065 3.053E+05 35.384 0.904 
468 162 357.688 1.988E+05 34.396 1.741 
469 168 45.707 3.611E+05 50.281 1.305 
470 168 59.195 1.521E+05 23.749 2.424 
471 168 83.238 2.365E+05 31.551 2.262 
472 168 100.245 2.261E+05 36.704 2.189 
473 168 104.936 1.190E+05 22.751 2.065 
474 168 111.974 2.045E+05 40.262 1.115 
475 168 143.054 1.583E+05 27.393 2.816 
476 168 170.030 2.989E+05 42.902 0.819 
477 168 213.426 1.366E+05 26.134 1.189 
478 168 228.673 2.356E+05 34.909 2.213 
479 168 274.415 4.638E+05 54.351 1.644 
480 168 328.367 1.486E+05 25.71 2.040 
481 168 339.509 2.479E+05 34.013 1.036 
482 168 355.343 1.309E+05 25.036 1.392 
483 174 16.385 1.444E+05 27.619 1.512 
484 174 20.490 1.806E+05 31.992 1.066 
485 174 26.941 1.383E+05 25.096 1.594 
486 174 42.775 1.693E+05 28.044 1.950 
487 174 87.930 2.018E+05 31.524 2.062 
488 174 96.140 3.786E+05 56.124 1.560 
489 174 120.770 2.866E+05 43.199 1.818 
490 174 127.221 1.762E+05 28.037 2.151 
491 174 131.326 3.211E+05 43.451 2.150 
492 174 139.536 3.539E+05 47.885 1.855 












494 174 194.660 1.452E+05 25.712 1.709 
495 174 202.284 1.454E+05 24.599 2.172 
496 174 244.507 2.073E+05 27.649 1.340 
497 174 281.452 2.369E+05 38.457 2.128 
498 174 292.008 1.024E+05 17.699 3.205 
499 174 324.262 1.414E+05 28.682 1.612 
500 180 6.416 3.019E+05 45.521 1.615 
501 180 69.164 1.141E+05 20.689 2.712 
502 180 116.665 2.204E+05 39.051 2.443 
503 180 153.610 2.572E+05 31.474 1.756 
504 180 161.234 2.093E+05 32.109 2.405 
505 180 164.752 3.515E+05 48.245 2.353 
506 180 180.586 1.385E+05 23.427 1.488 
507 180 236.297 1.187E+05 17.87 2.042 
508 180 256.236 3.247E+05 42.216 1.127 
509 180 270.310 2.970E+05 44.021 1.701 
510 180 286.144 4.444E+05 52.087 2.245 
511 180 294.940 6.914E+04 14.009 3.785 
512 180 298.459 1.511E+05 28.132 3.645 
513 180 319.570 1.474E+05 23.007 2.913 
514 180 350.651 2.982E+05 42.143 1.502 
515 180 355.929 1.543E+05 23.652 0.883 
516 180 361.793 2.455E+05 31.116 1.581 
517 186 8.175 2.292E+05 40.578 1.865 
518 186 12.280 5.109E+05 62.424 2.047 
519 186 15.212 2.836E+05 46.821 1.472 
520 186 20.490 2.558E+05 40.509 0.830 
521 186 34.565 3.917E+05 49.04 1.607 
522 186 45.120 2.801E+05 38.033 1.066 
523 186 66.818 2.039E+05 31.648 1.895 
524 186 80.893 2.533E+05 40.105 1.990 
525 186 94.967 2.727E+05 48.273 1.218 
526 186 97.899 1.368E+05 26.256 2.247 
527 186 113.146 3.491E+05 53.205 1.979 
528 186 147.746 2.933E+05 33.865 1.482 
529 186 183.518 2.344E+05 40.491 1.104 
530 186 187.037 2.267E+05 33.907 2.078 












532 186 222.223 2.813E+05 35.661 0.982 
533 186 248.612 2.368E+05 31.681 3.273 
534 186 276.761 1.239E+05 22.483 1.711 
535 186 309.601 1.702E+05 23.805 0.779 
536 186 325.435 2.501E+05 38.827 1.439 
537 192 22.836 1.308E+05 26.724 2.418 
538 192 25.768 2.435E+05 34.615 1.620 
539 192 31.633 1.975E+05 28.543 1.916 
540 192 50.398 1.923E+05 27.785 2.014 
541 192 60.954 4.633E+05 55.311 2.407 
542 192 102.591 1.881E+05 29.769 2.135 
543 192 119.597 1.833E+05 36.273 2.091 
544 192 129.567 3.269E+05 48.922 1.728 
545 192 156.542 2.791E+05 44.196 2.637 
546 192 178.827 3.764E+05 53.532 1.581 
547 192 192.901 2.800E+05 41.163 1.458 
548 192 205.216 1.002E+05 19.213 2.092 
549 192 223.396 2.057E+05 36.418 1.677 
550 192 233.365 9.805E+04 18.277 2.565 
551 192 255.063 1.954E+05 33.756 1.828 
552 192 263.859 3.047E+05 40.769 2.953 
553 192 301.391 4.273E+05 45.621 1.540 
554 192 337.163 2.908E+05 46.991 2.629 
555 198 72.683 1.806E+05 26.521 2.189 
556 198 79.133 1.971E+05 34.026 2.088 
557 198 82.652 1.552E+05 28.934 1.994 
558 198 87.930 1.939E+05 30.071 1.524 
559 198 94.381 1.411E+05 27.064 0.998 
560 198 134.258 2.416E+05 40.755 3.255 
561 198 144.227 3.421E+05 46.422 1.997 
562 198 167.098 1.342E+05 22.621 2.361 
563 198 226.914 2.581E+05 41.673 2.727 
564 198 238.643 2.396E+05 28.568 1.657 
565 198 257.409 1.292E+05 24.765 1.996 
566 198 270.310 1.928E+05 31.793 1.643 
567 198 275.588 1.528E+05 25.754 1.328 
568 198 288.489 3.256E+05 38.4 1.172 












570 198 314.292 1.546E+05 22.693 2.630 
571 198 328.953 2.215E+05 37.348 1.314 
572 198 345.373 1.903E+05 30.721 1.615 
573 204 56.263 1.283E+05 20.289 2.665 
574 204 75.028 1.957E+05 36.489 1.760 
575 204 109.041 3.501E+05 53.307 1.376 
576 204 117.252 1.972E+05 36.763 2.153 
577 204 121.943 2.753E+05 43.557 2.482 
578 204 126.634 3.976E+05 62.927 2.197 
579 204 137.190 4.953E+05 69.284 1.380 
580 204 191.142 1.593E+05 28.898 2.489 
581 204 198.765 5.543E+05 58.609 1.697 
582 204 209.908 5.503E+05 71.586 0.711 
583 204 229.846 2.810E+05 39.917 2.223 
584 204 280.279 1.287E+05 23.984 1.423 
585 204 307.255 1.418E+05 27.197 2.604 
586 204 325.435 2.282E+05 41.423 1.749 
587 204 352.410 3.239E+05 43.945 1.472 
588 210 18.145 1.968E+05 32.45 2.272 
589 210 21.663 2.017E+05 31.899 1.930 
590 210 66.232 4.153E+05 50.104 1.484 
591 210 100.831 5.762E+05 71.215 1.716 
592 210 153.610 5.414E+05 59.993 1.247 
593 210 172.376 5.298E+05 77.851 1.279 
594 210 181.759 2.735E+05 44.162 1.735 
595 210 187.623 2.184E+05 31.537 1.383 
596 210 204.630 2.159E+05 32.867 1.585 
597 210 216.945 4.272E+05 53.445 2.214 
598 210 268.551 2.126E+05 29.725 1.625 
599 210 295.527 5.261E+05 60.725 1.806 
600 210 320.157 3.160E+05 42.253 1.921 
601 210 328.367 1.391E+05 28.398 1.655 
602 210 330.712 1.990E+05 35.195 2.166 
603 210 334.817 2.276E+05 39.288 2.761 
604 210 341.855 3.326E+05 47.255 2.242 
605 216 31.633 2.210E+05 30.9 1.772 
606 216 35.151 4.642E+05 61.222 1.120 












608 216 49.225 4.359E+05 57.482 2.065 
609 216 76.201 5.449E+05 69.051 1.044 
610 216 89.103 5.283E+05 73.906 1.676 
611 216 93.208 2.359E+05 41.722 2.361 
612 216 103.764 3.373E+05 56.893 2.778 
613 216 107.282 5.105E+05 86.137 1.836 
614 216 113.733 1.338E+05 24.926 1.766 
615 216 119.011 2.977E+05 52.677 1.872 
616 216 141.882 2.478E+05 42.779 2.909 
617 216 162.993 4.068E+05 55.196 2.379 
618 216 180.000 3.728E+05 57.844 1.417 
619 216 201.111 2.033E+05 37.895 1.752 
620 216 209.908 5.228E+05 75.542 0.858 
621 216 223.982 3.666E+05 59.218 0.891 
622 216 233.951 2.725E+05 43.998 1.574 
623 216 245.680 5.407E+05 54.773 1.119 
624 216 257.995 4.610E+05 63.5 1.276 
625 216 281.452 9.864E+04 19.49 1.747 
626 216 289.662 2.039E+05 38.011 0.928 
627 216 300.804 1.305E+05 23.672 2.525 
628 216 346.546 2.022E+05 34.099 1.943 
629 216 354.170 2.241E+05 36.962 1.584 
630 216 360.620 3.882E+05 54.844 1.484 
631 222 3.484 3.260E+05 42.038 1.528 
632 222 11.694 3.514E+05 46.626 1.362 
633 222 83.238 6.346E+05 76.709 1.174 
634 222 109.628 2.587E+05 48.547 1.438 
635 222 124.875 1.990E+05 35.321 1.937 
636 222 137.777 8.364E+05 91.559 0.909 
637 222 168.857 3.922E+05 53.656 2.646 
638 222 250.958 1.119E+05 20.978 4.729 
639 222 262.100 3.690E+05 52.138 3.444 
640 222 270.310 3.183E+05 49.265 1.815 
641 222 279.107 1.977E+05 36.042 2.039 
642 222 304.909 3.295E+05 54.356 2.930 
643 222 310.187 1.864E+05 30.055 2.471 
644 222 316.638 6.129E+05 69.947 1.147 












646 228 19.904 3.139E+05 54.889 2.142 
647 228 33.978 1.970E+05 38.771 1.762 
648 228 54.503 2.718E+05 45.208 2.430 
649 228 58.022 1.943E+05 31.563 2.195 
650 228 158.302 7.402E+05 72.855 1.510 
651 228 172.376 2.711E+05 47.405 1.734 
652 228 187.623 3.259E+05 60.26 2.230 
653 228 204.043 7.775E+05 93.739 1.155 
654 228 224.568 3.709E+05 58.948 1.280 
655 228 239.229 3.021E+05 42.033 2.494 
656 228 289.662 2.405E+05 36.661 1.026 
657 228 338.336 2.388E+05 42.891 2.042 
658 228 358.275 2.592E+05 47.924 1.927 
659 234 39.256 1.743E+05 32.041 2.359 
660 234 43.948 9.219E+05 98.814 2.055 
661 234 50.985 2.405E+05 38.291 1.255 
662 234 86.171 5.140E+05 73.222 2.116 
663 234 98.486 5.579E+05 76.949 2.015 
664 234 113.733 4.383E+05 68.389 1.348 
665 234 117.838 1.746E+05 35.162 2.454 
666 234 123.116 4.421E+05 71.915 0.828 
667 234 144.814 4.988E+05 64.861 1.784 
668 234 150.678 1.952E+05 31.069 1.485 
669 234 181.172 6.393E+05 84.308 1.392 
670 234 185.278 3.675E+05 59.777 2.553 
671 234 191.142 6.164E+05 76.038 1.152 
672 234 196.420 2.494E+05 37.436 3.111 
673 234 201.698 2.796E+05 47.589 0.868 
674 234 209.321 4.141E+05 56.227 1.067 
675 234 218.704 2.865E+05 48.76 1.629 
676 234 222.223 2.306E+05 44.972 2.635 
677 234 234.538 5.826E+05 72.784 1.225 
678 234 244.507 2.860E+05 54.103 1.363 
679 234 275.588 7.151E+05 90.511 0.846 
680 234 286.144 7.165E+05 82.425 2.345 
681 234 294.940 4.883E+05 62.623 1.273 
682 234 317.811 1.280E+05 24.934 1.566 












684 240 5.243 1.014E+05 18.147 2.263 
685 240 12.280 1.939E+05 31.57 1.456 
686 240 18.145 2.124E+05 30.796 1.621 
687 240 29.287 2.215E+05 31.579 2.214 
688 240 61.541 2.044E+05 35.69 2.842 
689 240 66.232 2.596E+05 46.533 1.738 
690 240 70.337 3.757E+05 49.617 1.723 
691 240 80.306 5.866E+05 72.476 1.495 
692 240 83.825 4.386E+05 69.967 1.733 
693 240 138.363 2.965E+05 46.334 1.474 
694 240 154.783 5.631E+05 75.47 2.125 
695 240 178.240 3.715E+05 55.862 2.206 
696 240 228.673 5.986E+05 76.898 1.507 
697 240 268.551 6.021E+05 79.531 0.768 
698 240 282.039 2.015E+05 39.355 1.309 
699 240 336.577 3.917E+05 65.248 1.803 
700 240 341.855 2.905E+05 40.121 2.293 
701 240 356.515 5.633E+05 81.748 1.707 
702 240 361.207 4.120E+05 56.065 1.804 
703 246 21.663 5.617E+05 81.744 1.980 
704 246 24.595 1.694E+05 27.179 3.439 
705 246 34.565 5.277E+05 68.682 1.689 
706 246 52.158 2.099E+05 37.054 1.555 
707 246 95.554 3.113E+05 49.976 2.420 
708 246 108.455 5.379E+05 65.488 1.378 
709 246 123.116 3.887E+05 62.406 0.818 
710 246 127.807 5.047E+05 79.322 2.008 
711 246 130.153 4.746E+05 74.592 2.306 
712 246 133.672 2.682E+05 44.012 2.310 
713 246 146.573 3.690E+05 56.814 1.394 
714 246 170.617 2.256E+05 35.441 2.339 
715 246 174.135 2.366E+05 40.726 2.671 
716 246 201.698 2.094E+05 40.285 1.031 
717 246 214.013 1.070E+05 21.244 3.284 
718 246 236.883 2.003E+05 33.631 1.877 
719 246 245.680 7.570E+05 77.207 0.967 
720 246 257.409 3.418E+05 53.713 1.558 












722 246 276.174 3.998E+05 59.236 1.005 
723 246 292.594 4.225E+05 58.424 2.323 
724 246 301.391 2.220E+05 34.171 1.653 
725 246 307.255 3.205E+05 46.622 2.726 
726 246 328.367 3.034E+05 40.051 2.748 
727 246 334.231 3.603E+05 54.404 2.218 
728 246 345.373 2.831E+05 39.141 2.343 
729 246 352.410 2.219E+05 38.191 1.217 
730 252 11.107 8.885E+04 17.637 1.859 
731 252 55.090 2.272E+05 41.211 1.955 
732 252 58.022 1.429E+05 25.915 2.493 
733 252 64.473 3.226E+05 52.942 1.568 
734 252 74.442 2.958E+05 40.242 3.443 
735 252 82.066 2.323E+05 41.018 2.248 
736 252 92.621 1.581E+05 30.407 2.874 
737 252 115.492 2.603E+05 42.721 2.150 
738 252 141.882 2.462E+05 40.404 2.803 
739 252 151.265 3.336E+05 54.762 1.671 
740 252 191.142 2.882E+05 38.047 1.203 
741 252 218.118 1.272E+05 21.344 1.497 
742 252 231.019 5.773E+05 74.084 2.105 
743 252 253.890 2.304E+05 34.771 3.325 
744 252 267.964 2.507E+05 49.832 1.297 
745 252 281.452 2.106E+05 31.192 1.005 
746 252 313.120 4.293E+05 52.251 1.414 
747 252 324.262 2.897E+05 40.705 3.460 
748 258 19.317 1.668E+05 31.417 2.429 
749 258 31.633 3.112E+05 46.915 2.614 
750 258 42.188 5.483E+05 75.469 2.048 
751 258 145.400 2.259E+05 43.961 1.439 
752 258 161.234 1.298E+05 25.251 2.556 
753 258 200.525 4.365E+05 58.165 1.401 
754 258 220.463 2.582E+05 47.19 1.307 
755 258 228.087 2.273E+05 38.295 1.717 
756 258 262.100 2.679E+05 44.061 1.789 
757 258 297.872 5.188E+05 72.636 2.750 
758 258 314.879 1.868E+05 36.353 2.574 












760 264 15.799 8.812E+04 16.544 1.900 
761 264 39.843 2.597E+05 41.638 2.270 
762 264 49.225 6.956E+05 71.2 1.846 
763 264 70.337 3.869E+05 49.18 1.808 
764 264 88.516 2.378E+05 39.977 2.482 
765 264 98.486 2.670E+05 37.942 1.165 
766 264 102.004 3.167E+05 48.608 1.532 
767 264 111.974 1.944E+05 33.531 2.644 
768 264 126.634 5.287E+05 72.611 1.252 
769 264 135.431 2.579E+05 44.482 2.459 
770 264 153.610 3.212E+05 54.021 1.189 
771 264 158.302 3.414E+05 51.354 2.683 
772 264 185.278 6.309E+05 68.495 1.622 
773 264 211.667 2.541E+05 32.756 2.162 
774 264 257.409 2.734E+05 47.166 1.658 
775 264 288.489 1.855E+05 28.468 1.322 
776 264 301.977 3.403E+05 52.24 1.517 
777 264 317.811 3.080E+05 42.287 2.234 
778 264 337.163 2.676E+05 39.456 2.025 
779 264 361.793 2.536E+05 35.399 1.619 
780 270 55.676 2.257E+05 41.155 1.360 
781 270 67.405 2.193E+05 37.82 2.645 
782 270 78.547 3.325E+05 51.034 2.353 
783 270 90.862 1.947E+05 36.6 1.826 
784 270 138.949 7.448E+05 85.445 2.130 
785 270 152.437 2.479E+05 43.94 1.191 
786 270 165.339 3.210E+05 42.675 1.622 
787 270 172.962 4.435E+05 59.903 1.880 
788 270 195.247 4.187E+05 55.673 0.929 
789 270 219.877 2.926E+05 44.011 1.052 
790 270 233.951 1.501E+05 25.882 2.111 
791 270 238.643 3.813E+05 49.921 1.382 
792 270 249.199 5.093E+05 62.973 1.508 
793 270 270.310 5.412E+05 78.341 2.078 
794 270 304.323 2.351E+05 39.527 2.459 
795 270 347.719 2.703E+05 41.483 1.676 
796 276 35.738 3.199E+05 52.478 2.757 












798 276 94.381 2.407E+05 36.923 2.316 
799 276 106.696 7.271E+05 82.417 2.307 
800 276 133.085 3.499E+05 53.691 1.879 
801 276 145.400 3.255E+05 46.234 1.519 
802 276 162.407 2.420E+05 44.12 2.105 
803 276 175.895 5.725E+05 62.786 1.862 
804 276 182.345 1.333E+05 24.294 3.612 
805 276 262.686 1.424E+05 27.62 1.487 
806 276 272.656 5.805E+05 72.749 1.987 
807 276 287.317 4.105E+05 53.723 1.050 
808 276 307.842 3.513E+05 42.834 1.025 
809 276 335.404 1.278E+05 24.781 2.371 
810 276 342.441 1.549E+05 26.014 3.002 
811 282 15.212 7.567E+05 83.891 0.615 
812 282 27.528 2.844E+05 34.219 1.022 
813 282 32.805 2.164E+05 39.439 2.337 
814 282 43.948 2.834E+05 37.652 1.963 
815 282 55.090 1.785E+05 34.626 1.475 
816 282 80.893 3.531E+05 62.578 2.570 
817 282 98.486 1.209E+05 22.697 1.941 
818 282 101.418 1.577E+05 26.497 1.590 
819 282 120.184 2.113E+05 35.509 3.901 
820 282 167.685 2.703E+05 46.608 2.719 
821 282 191.728 3.237E+05 54.421 2.893 
822 282 194.660 6.062E+05 93.046 1.231 
823 282 203.457 1.054E+06 101.479 1.184 
824 282 226.328 4.060E+05 51.583 2.331 
825 282 240.402 5.603E+05 71.208 1.816 
826 282 247.439 3.230E+05 43.604 1.483 
827 282 338.336 3.041E+05 45.714 1.848 
828 282 345.960 5.909E+05 67.751 1.270 
829 282 357.102 2.041E+05 34.298 2.043 
830 282 361.207 1.544E+05 29.137 2.247 
831 288 9.935 1.843E+05 33.688 2.587 
832 288 31.046 2.015E+05 29.458 1.891 
833 288 52.744 1.647E+05 30.096 2.807 
834 288 90.862 4.638E+05 59.974 1.330 












836 288 126.634 2.851E+05 42.562 1.300 
837 288 134.844 1.648E+05 30.127 1.895 
838 288 154.783 3.886E+05 62.034 2.304 
839 288 164.752 2.712E+05 48.107 2.162 
840 288 198.765 4.545E+05 60.702 1.894 
841 288 209.321 2.675E+05 36.964 1.271 
842 288 216.945 3.322E+05 43.633 2.478 
843 288 235.711 5.298E+05 67.472 2.106 
844 288 255.063 2.342E+05 37.365 0.757 
845 288 261.514 2.534E+05 42.511 1.791 
846 288 265.032 4.640E+05 67.892 2.267 
847 288 268.551 1.915E+05 31.312 2.556 
848 288 277.347 4.835E+05 56.634 2.330 
849 288 291.422 3.517E+05 49.51 2.340 
850 288 297.872 4.742E+05 52.896 0.948 
851 288 309.014 1.413E+05 25.811 1.889 
852 288 319.570 5.235E+05 54.15 1.094 
853 288 330.712 2.483E+05 34.94 2.623 
854 288 352.410 4.942E+05 68.315 1.527 
855 294 4.657 4.648E+05 59.539 2.013 
856 294 7.589 2.686E+05 45.139 1.751 
857 294 15.212 2.441E+05 44.936 1.114 
858 294 49.812 3.922E+05 48.69 2.547 
859 294 66.818 1.686E+05 26.224 2.125 
860 294 77.961 3.031E+05 42.38 2.108 
861 294 83.238 3.866E+05 45.321 1.156 
862 294 141.295 4.924E+05 54.845 1.640 
863 294 149.505 3.320E+05 43.218 2.001 
864 294 174.135 2.155E+05 30.118 2.112 
865 294 188.796 4.623E+05 54.949 1.631 
866 294 230.433 1.112E+05 18.167 2.694 
867 294 306.669 1.024E+05 18.226 2.278 
868 294 327.194 1.207E+05 18.333 3.150 
869 294 340.095 1.633E+05 26.025 1.237 
870 300 28.114 9.437E+04 14.654 1.652 
871 300 59.781 2.671E+05 33.362 1.199 
872 300 92.035 2.925E+05 44.393 1.553 












874 300 112.560 4.044E+05 59.983 2.016 
875 300 157.129 3.500E+05 55.861 1.741 
876 300 161.234 3.584E+05 51.981 1.373 
877 300 179.413 3.141E+05 39.231 1.011 
878 300 184.691 4.650E+05 57.185 2.429 
879 300 201.111 2.525E+05 45.341 1.254 
880 300 204.630 2.251E+05 34.152 2.128 
881 300 255.063 3.323E+05 48.198 1.043 
882 300 258.581 1.747E+05 30.368 3.252 
883 300 272.656 2.117E+05 36.796 2.197 
884 300 284.384 2.815E+05 44.916 1.811 
885 300 296.699 3.557E+05 47.615 1.328 
886 300 316.052 5.834E+05 56.276 2.394 
887 300 334.817 2.488E+05 35.321 2.319 
888 300 355.929 1.332E+05 22.458 2.306 
889 306 11.107 1.758E+05 26.668 2.219 
890 306 18.145 3.481E+05 36.451 1.614 
891 306 41.015 2.337E+05 33.802 1.892 
892 306 43.948 5.524E+05 63.388 1.284 
893 306 73.856 8.060E+05 72.48 1.779 
894 306 84.411 3.627E+05 49.235 1.354 
895 306 97.313 5.417E+05 61.291 2.062 
896 306 101.418 1.655E+05 26.46 2.547 
897 306 110.214 3.485E+05 44.701 1.920 
898 306 126.048 1.588E+05 24.711 1.687 
899 306 168.857 3.486E+05 54.281 1.725 
900 306 209.908 3.253E+05 39.646 1.399 
901 306 219.877 2.503E+05 36.213 2.866 
902 306 232.778 4.365E+05 51.574 2.222 
903 306 262.686 4.028E+05 47.587 1.414 
904 306 286.144 3.066E+05 45.412 1.757 
905 306 293.767 2.494E+05 38.825 2.903 
906 306 350.651 1.677E+05 26.821 1.904 
907 306 353.583 2.046E+05 31.034 1.938 
908 312 7.589 1.193E+05 20.468 2.155 
909 312 31.633 1.095E+05 18.777 1.323 
910 312 53.917 4.502E+05 48.577 1.918 












912 312 70.923 2.453E+05 39.574 3.149 
913 312 132.499 4.123E+05 49.254 2.183 
914 312 151.265 5.341E+05 65.981 1.653 
915 312 160.061 4.822E+05 66.89 1.579 
916 312 178.827 3.529E+05 40.858 1.019 
917 312 199.352 1.513E+05 24.385 2.385 
918 312 201.698 1.830E+05 31.411 1.458 
919 312 215.186 1.202E+05 17.027 2.266 
920 312 270.896 2.555E+05 38.979 1.816 
921 312 290.249 2.364E+05 35.154 2.584 
922 312 309.014 6.588E+05 58.562 1.231 
923 312 320.743 4.213E+05 56.055 2.222 
924 312 332.472 1.840E+05 25.506 2.150 
925 312 339.509 2.054E+05 26.781 1.407 
926 312 346.546 1.867E+05 23.453 2.543 
927 312 361.207 2.536E+05 36.667 3.109 
928 318 5.243 3.080E+05 41.535 2.288 
929 318 26.941 2.307E+05 30.443 1.876 
930 318 56.849 2.057E+05 29.011 1.736 
931 318 66.232 5.624E+05 54.838 1.555 
932 318 93.794 3.655E+05 41.784 1.678 
933 318 103.764 2.465E+05 35.64 2.015 
934 318 117.838 4.136E+05 45.869 1.538 
935 318 163.580 3.733E+05 50.344 1.694 
936 318 171.790 6.504E+05 73.241 2.485 
937 318 190.555 3.913E+05 53.953 2.553 
938 318 194.074 3.605E+05 39.401 2.295 
939 318 228.087 2.963E+05 39.109 1.431 
940 318 243.921 1.916E+05 28.415 2.338 
941 318 246.853 2.510E+05 30.125 1.996 
942 318 255.063 5.464E+05 52.683 1.014 
943 318 275.588 2.347E+05 32.343 2.329 
944 318 279.107 1.818E+05 25.636 3.164 
945 318 283.798 2.695E+05 35.561 1.749 
946 318 296.113 2.834E+05 37.398 1.255 
947 318 323.675 3.691E+05 45.112 1.023 
948 324 31.046 2.112E+05 27.307 1.225 












950 324 41.015 2.592E+05 34.203 1.616 
951 324 44.534 2.856E+05 46.178 1.665 
952 324 83.238 2.526E+05 35.645 1.760 
953 324 128.980 3.440E+05 44.497 2.488 
954 324 153.024 4.262E+05 60.161 1.929 
955 324 168.857 3.291E+05 46.446 1.661 
956 324 183.518 3.318E+05 45.748 1.798 
957 324 204.630 2.743E+05 36.981 2.251 
958 324 211.080 4.130E+05 52.382 1.843 
959 324 217.531 1.554E+05 23.675 2.056 
960 324 223.396 3.000E+05 38.038 2.269 
961 324 229.260 3.606E+05 48.632 1.300 
962 324 256.822 1.402E+05 22.652 2.162 
963 324 263.859 2.979E+05 42.04 1.987 
964 324 269.137 3.900E+05 45.303 1.832 
965 324 302.564 4.125E+05 44.463 1.586 
966 324 350.651 1.885E+05 27.24 1.572 
967 324 357.688 1.819E+05 25.059 2.007 
968 330 16.385 2.682E+05 33.246 1.859 
969 330 18.731 1.265E+05 21.031 2.668 
970 330 48.639 1.062E+05 16.105 1.661 
971 330 86.757 1.899E+05 31.577 2.880 
972 330 106.696 9.196E+05 72.94 1.948 
973 330 123.116 2.429E+05 34.135 2.592 
974 330 137.777 1.260E+06 105.764 1.013 
975 330 239.816 3.049E+05 47.649 1.318 
976 330 294.940 2.127E+05 35.377 1.180 
977 330 317.811 3.614E+05 35.095 2.428 
978 330 323.089 2.015E+05 33.511 1.512 
979 330 327.194 3.172E+05 38.608 1.604 
980 336 1.725 1.274E+05 21.073 0.971 
981 336 24.595 2.035E+05 25.445 1.949 
982 336 43.361 2.414E+05 37.667 1.565 
983 336 56.849 2.388E+05 29.344 1.151 
984 336 68.578 3.125E+05 44.112 2.747 
985 336 75.028 1.720E+05 26.829 3.025 
986 336 96.726 3.732E+05 42.374 1.879 












988 336 145.987 3.437E+05 55.189 1.584 
989 336 161.234 3.379E+05 40.172 1.954 
990 336 164.752 1.389E+05 23.727 2.534 
991 336 215.186 2.015E+05 30.596 2.581 
992 336 240.988 2.133E+05 34.237 1.652 
993 336 245.093 3.295E+05 46.516 1.784 
994 336 286.730 2.123E+05 30.658 2.598 
995 336 311.947 1.308E+05 22.349 4.118 
996 336 341.268 3.769E+05 46.342 2.184 
997 342 13.453 1.728E+05 21.683 2.379 
998 342 53.331 3.383E+05 34.668 1.924 
999 342 78.547 4.083E+05 52.209 1.312 
1000 342 89.103 2.535E+05 37.651 2.683 
1001 342 117.838 4.103E+05 45.432 1.766 
1002 342 125.462 2.214E+05 33.744 2.573 
1003 342 131.912 4.055E+05 46.208 2.109 
1004 342 147.746 2.700E+05 44.849 2.204 
1005 342 168.271 3.779E+05 48.323 1.416 
1006 342 182.345 1.649E+05 27.381 2.336 
1007 342 191.142 1.427E+05 21.739 1.572 
1008 342 200.525 2.835E+05 40.159 1.166 
1009 342 208.735 3.323E+05 39.023 2.279 
1010 342 212.840 2.905E+05 40.24 2.085 
1011 342 221.050 4.865E+05 55.437 2.126 
1012 342 235.124 3.123E+05 43.268 2.337 
1013 342 248.612 2.801E+05 45.134 1.395 
1014 342 275.588 2.818E+05 38.214 2.179 
1015 342 281.452 6.543E+05 80.746 1.853 
1016 342 295.527 4.636E+05 58.212 1.022 
1017 342 300.804 2.069E+05 32.392 2.580 
1018 342 308.428 3.491E+05 42.345 2.551 
1019 342 330.712 1.569E+05 26.897 2.836 
1020 342 334.231 4.718E+05 53.759 2.222 
1021 342 337.750 3.298E+05 43.821 2.079 
1022 342 353.583 8.143E+05 84.521 1.234 
1023 342 356.515 1.928E+05 28.633 2.225 
1024 348 1.725 2.053E+05 32.79 0.930 












1026 348 26.941 1.013E+05 16.663 2.234 
1027 348 29.873 4.006E+05 43.377 1.622 
1028 348 49.225 2.133E+05 29.934 1.493 
1029 348 65.059 2.510E+05 37.924 2.917 
1030 348 71.510 2.862E+05 38.477 1.688 
1031 348 80.306 1.851E+05 25.975 1.876 
1032 348 84.998 2.566E+05 31.931 1.940 
1033 348 101.418 2.043E+05 30.855 2.543 
1034 348 111.387 4.365E+05 56.396 1.172 
1035 348 137.190 2.404E+05 34.542 1.380 
1036 348 143.641 3.363E+05 52.213 2.468 
1037 348 180.000 3.261E+05 50.625 2.392 
1038 348 218.118 2.772E+05 43.034 1.807 
1039 348 223.982 2.395E+05 28.318 1.316 
1040 348 239.229 2.882E+05 39.571 1.880 
1041 348 243.334 2.269E+05 34.271 2.154 
1042 348 265.619 2.179E+05 30.581 2.633 
1043 348 271.483 2.845E+05 38.249 1.679 
1044 348 293.767 2.129E+05 31.339 1.530 
1045 354 5.243 1.140E+05 18.828 4.568 
1046 354 19.904 2.257E+05 26.379 1.950 
1047 354 42.775 2.258E+05 34.075 1.840 
1048 354 62.127 2.803E+05 32.237 2.582 
1049 354 92.035 6.765E+05 66.089 1.740 
1050 354 153.024 4.781E+05 49.041 2.107 
1051 354 156.542 3.824E+05 44.716 2.618 
1052 354 170.030 2.469E+05 36.271 1.194 
1053 354 177.654 1.560E+05 25.782 2.542 
1054 354 197.006 2.196E+05 25.247 3.038 
1055 354 201.111 2.896E+05 39.547 1.082 
1056 354 248.026 4.126E+05 59.098 1.289 
1057 354 250.371 3.134E+05 44.878 2.034 
1058 354 260.341 1.221E+05 20.176 3.968 
1059 354 326.607 4.165E+05 48.708 2.176 
1060 354 350.065 1.847E+05 27.132 3.167 
1061 354 363.553 5.723E+05 53.336 2.792 
1062 360 16.385 4.092E+05 47.502 1.173 












1064 360 39.256 2.828E+05 32.816 1.927 
1065 360 46.880 3.241E+05 42.249 1.681 
1066 360 77.961 3.272E+05 45.738 1.842 
1067 360 99.072 6.780E+05 74.945 1.382 
1068 360 104.350 3.427E+05 46.756 3.218 
1069 360 108.455 3.484E+05 51.336 2.493 
1070 360 141.295 2.563E+05 32.03 2.110 
1071 360 148.332 2.141E+05 29.913 1.608 
1072 360 165.925 1.492E+05 24.072 3.101 
1073 360 190.555 2.971E+05 33.896 1.696 
1074 360 214.599 3.944E+05 45.01 1.956 
1075 360 233.365 1.975E+05 23.317 1.697 
1076 360 273.242 2.683E+05 37.496 2.125 
1077 360 277.347 3.398E+05 44.294 2.229 
1078 360 282.625 2.319E+05 35.149 2.027 
1079 360 292.594 1.626E+05 25.392 1.762 
1080 360 299.045 2.448E+05 32.615 2.301 
1081 360 332.472 3.096E+05 49.97 1.352 
1082 360 353.583 1.452E+05 21.999 1.160 
1083 366 8.762 1.852E+05 21.831 1.011 
1084 366 15.212 2.106E+05 28.844 1.296 
1085 366 67.405 4.610E+05 43.592 2.048 
1086 366 72.096 5.505E+05 57.868 1.383 
1087 366 87.930 2.104E+05 28.818 1.479 
1088 366 113.733 1.445E+05 22.843 2.532 
1089 366 116.665 1.905E+05 24.871 2.412 
1090 366 121.943 3.137E+05 36.999 2.108 
1091 366 162.993 1.724E+05 27.265 2.005 
1092 366 170.030 1.846E+05 24.679 0.864 
1093 366 175.308 3.511E+05 39.95 1.600 
1094 366 192.901 3.421E+05 42.8 1.443 
1095 366 218.704 1.393E+05 22.033 1.762 
1096 366 222.809 2.677E+05 32.165 2.035 
1097 366 241.575 4.406E+05 46.31 0.922 
1098 366 255.063 6.031E+05 62.497 2.940 
1099 366 263.273 1.702E+05 26.92 2.046 
1100 366 268.551 3.798E+05 45.646 2.513 












1102 366 314.292 5.330E+05 48.17 1.191 
1103 366 323.089 9.177E+04 13.618 1.436 
1104 366 330.712 4.564E+05 49.451 1.681 
1105 366 338.336 4.428E+05 50.395 1.948 
1106 366 344.787 3.779E+05 40.315 2.129 
1107 372 25.768 3.582E+05 41.489 1.804 
1108 372 29.873 1.826E+05 27.964 1.858 
1109 372 41.015 1.540E+05 23.576 2.657 
1110 372 58.022 2.451E+05 25.743 1.970 
1111 372 94.381 5.453E+05 57.321 1.447 
1112 372 130.739 1.420E+05 21.744 1.501 
1113 372 182.345 2.690E+05 30.603 2.051 
1114 372 324.262 1.162E+05 18.371 1.413 
1115 372 333.058 4.718E+05 51.937 1.043 
1116 372 347.133 1.873E+05 25.041 2.458 
1117 372 352.997 1.311E+05 20.068 1.110 
1118 378 18.731 1.739E+05 23.93 2.428 
1119 378 22.250 2.061E+05 27.689 3.088 
1120 378 32.805 1.554E+05 18.065 1.353 
1121 378 46.880 2.118E+05 29.159 1.369 
1122 378 53.331 1.650E+05 23.293 1.559 
1123 378 77.374 6.965E+05 68.711 1.458 
1124 378 82.066 4.153E+05 41.486 2.802 
1125 378 86.757 2.716E+05 31.598 1.046 
1126 378 99.659 4.668E+05 54.339 1.641 
1127 378 136.017 6.967E+05 67.03 2.196 
1128 378 144.227 3.946E+05 44.368 1.631 
1129 378 177.067 3.903E+05 55.155 1.790 
1130 378 194.074 1.559E+05 22.611 1.512 
1131 378 201.111 1.469E+05 22.602 2.861 
1132 378 217.531 4.651E+05 46.465 1.018 
1133 378 225.741 4.180E+05 47.004 1.743 
1134 378 246.266 1.910E+05 24.507 3.078 
1135 378 279.693 4.566E+05 48.954 1.490 
1136 378 284.971 6.237E+05 54.882 1.939 
1137 378 290.249 4.936E+05 46.913 1.861 
1138 378 296.699 3.258E+05 32.973 2.349 












1140 378 316.052 4.034E+05 39.779 1.379 
1141 378 327.780 9.751E+04 14.99 2.874 
1142 384 62.713 4.134E+05 42.339 1.245 
1143 384 72.683 1.962E+05 31.966 1.843 
1144 384 107.869 6.915E+05 61.755 1.347 
1145 384 114.906 2.999E+05 41.309 1.723 
1146 384 126.048 4.047E+05 47.448 2.499 
1147 384 128.980 1.840E+05 29.978 1.678 
1148 384 148.332 2.133E+05 33.653 1.947 
1149 384 153.024 5.763E+05 63.35 1.320 
1150 384 160.061 7.909E+05 81.024 1.934 
1151 384 163.580 4.315E+05 44.191 1.030 
1152 384 187.623 7.361E+05 60.009 2.090 
1153 384 204.043 2.241E+05 29.483 1.910 
1154 384 211.080 2.884E+05 35.035 2.068 
1155 384 232.192 3.634E+05 37.207 1.652 
1156 384 240.988 6.835E+05 67.412 1.326 
1157 384 257.995 4.962E+05 49.538 2.262 
1158 384 263.273 2.796E+05 37.634 1.359 
1159 384 271.483 1.431E+05 19.247 2.653 
1160 384 299.632 1.933E+05 26.615 2.039 
1161 384 307.255 3.933E+05 44.591 3.114 
1162 384 319.570 1.195E+05 18.277 2.736 
1163 384 355.343 3.723E+05 51.293 2.629 
1164 384 358.275 3.580E+05 36.188 294.290 
1165 390 9.935 5.351E+05 57.342 1.900 
1166 390 25.182 2.674E+05 41.064 1.325 
1167 390 30.460 1.760E+05 25.012 1.242 
1168 390 45.120 3.250E+05 40.021 1.350 
1169 390 130.153 3.299E+05 38.608 1.056 
1170 390 151.265 1.945E+05 32.723 2.069 
1171 390 174.135 2.745E+05 37.293 2.494 
1172 390 178.240 6.312E+05 70.568 0.977 
1173 390 251.544 1.217E+06 102.45 0.828 
1174 390 267.378 4.560E+05 53.381 1.333 
1175 390 276.174 1.624E+05 22.542 1.899 
1176 390 344.787 3.785E+05 45.034 1.453 












1178 396 4.657 1.995E+05 26.026 3.122 
1179 396 14.626 3.182E+05 44.043 2.296 
1180 396 26.355 2.167E+05 34.621 1.445 
1181 396 42.775 2.484E+05 39.706 2.196 
1182 396 53.917 4.701E+05 57.266 1.543 
1183 396 59.195 1.228E+05 21.479 2.918 
1184 396 70.923 3.283E+05 45.445 2.201 
1185 396 94.381 2.982E+05 41.268 2.119 
1186 396 117.252 2.323E+05 34.37 1.838 
1187 396 120.184 2.578E+05 43.707 2.085 
1188 396 121.943 3.617E+05 52.298 1.471 
1189 396 142.468 1.950E+05 25.915 1.872 
1190 396 205.803 2.351E+05 36.569 1.714 
1191 396 221.636 3.689E+05 43.543 2.337 
1192 396 226.914 4.570E+05 53.153 1.685 
1193 396 262.100 1.827E+05 28.414 1.748 
1194 396 269.137 1.727E+05 29.258 1.921 
1195 396 280.866 2.666E+05 36.146 1.733 
1196 396 303.737 2.281E+05 32.246 1.590 
1197 396 321.916 2.346E+05 33.905 2.231 
1198 396 324.848 9.884E+04 16.735 2.428 
1199 396 337.750 7.527E+05 68.84 1.410 
1200 402 17.558 2.031E+05 32.222 2.165 
1201 402 29.287 1.684E+05 30.847 1.950 
1202 402 36.324 9.322E+04 14.082 3.410 
1203 402 50.985 3.254E+05 51.642 1.893 
1204 402 62.713 3.313E+05 46.117 1.248 
1205 402 76.201 5.847E+05 69.177 1.832 
1206 402 88.516 5.168E+05 68.129 2.861 
1207 402 113.146 2.522E+05 35.101 2.025 
1208 402 148.919 1.376E+05 25.193 2.072 
1209 402 182.345 6.246E+05 72.897 1.001 
1210 402 191.142 3.552E+05 46.81 1.418 
1211 402 195.247 1.472E+05 21.76 2.474 
1212 402 198.765 3.081E+05 37.493 2.379 
1213 402 217.531 2.629E+05 34.639 1.557 
1214 402 240.402 1.560E+05 28.572 2.014 












1216 402 330.126 5.345E+05 59.252 1.982 
1217 402 347.719 5.679E+05 63.743 1.727 
1218 402 360.620 5.759E+05 72.662 300.834 
1219 408 44.534 1.381E+05 22.463 1.673 
1220 408 68.578 2.531E+05 42.23 1.315 
1221 408 106.109 4.472E+05 56.413 2.029 
1222 408 138.949 2.418E+05 42.52 1.261 
1223 408 151.265 2.105E+05 37.019 1.807 
1224 408 158.888 6.810E+05 92.816 1.722 
1225 408 166.512 3.268E+05 47.824 2.945 
1226 408 202.870 3.096E+05 48.17 2.474 
1227 408 211.667 1.947E+05 36.306 1.612 
1228 408 232.778 1.904E+05 28.403 2.113 
1229 408 243.334 4.843E+05 57.875 0.976 
1230 408 277.347 2.908E+05 44.287 2.002 
1231 408 286.730 1.031E+05 18.109 3.033 
1232 408 292.594 2.718E+05 37.018 2.968 
1233 408 310.774 3.272E+05 46.145 2.738 
1234 408 327.194 2.749E+05 48.348 2.815 
1235 414 8.762 6.684E+05 70.47 1.380 
1236 414 24.009 3.225E+05 50.87 1.808 
1237 414 31.046 3.695E+05 47.907 1.343 
1238 414 41.602 1.981E+05 31.231 1.908 
1239 414 49.225 4.227E+05 58.943 0.927 
1240 414 83.825 2.651E+05 45.626 1.314 
1241 414 84.998 2.132E+05 43.422 1.337 
1242 414 101.418 5.715E+05 83.736 2.171 
1243 414 117.838 4.075E+05 59.696 1.569 
1244 414 126.048 4.364E+05 61.826 1.444 
1245 414 134.844 1.187E+05 23.381 4.247 
1246 414 145.400 2.810E+05 42.655 2.422 
1247 414 160.647 3.612E+05 54.837 1.486 
1248 414 171.790 5.752E+05 77.832 2.645 
1249 414 181.759 1.752E+05 32.554 1.044 
1250 414 205.216 3.411E+05 51.775 1.095 
1251 414 225.155 8.970E+04 18.246 2.753 
1252 414 228.087 2.133E+05 31.236 1.819 












1254 414 260.341 2.059E+05 35.435 2.191 
1255 414 263.859 1.719E+05 28.897 2.247 
1256 414 275.001 2.092E+05 37.841 2.038 
1257 414 283.798 2.893E+05 45.636 2.752 
1258 414 303.737 1.658E+05 31.697 1.628 
1259 414 315.465 3.650E+05 50.116 2.391 
1260 414 320.157 1.647E+05 29.043 2.467 
1261 414 344.787 2.418E+05 42.651 2.198 
1262 414 353.583 1.854E+05 27.145 2.193 
1263 414 359.448 1.962E+05 32.25 321.403 
1264 420 16.385 5.581E+05 75.957 1.296 
1265 420 19.904 3.475E+05 57.163 2.350 
1266 420 61.541 2.080E+05 41.119 1.223 
1267 420 69.164 2.750E+05 42.829 1.018 
1268 420 90.862 3.809E+05 63.906 1.565 
1269 420 97.313 4.211E+05 64.499 1.504 
1270 420 130.739 3.633E+05 54.734 1.348 
1271 420 139.536 6.643E+05 82.185 0.744 
1272 420 154.197 2.754E+05 54.45 1.739 
1273 420 191.728 1.178E+05 23.28 1.453 
1274 420 212.840 2.799E+05 44.367 1.218 
1275 420 239.816 4.413E+05 53.432 1.228 
1276 420 244.507 2.549E+05 46.65 1.404 
1277 420 269.137 1.267E+05 25.76 2.600 
1278 420 336.577 1.562E+05 27.923 2.633 
1279 426 25.768 2.226E+05 45.823 1.662 
1280 426 50.398 2.487E+05 52.593 1.421 
1281 426 53.917 2.314E+05 48.943 2.155 
1282 426 64.473 2.078E+05 48.144 3.742 
1283 426 76.788 2.450E+05 45.831 2.213 
1284 426 80.893 2.425E+05 45.36 2.005 
1285 426 104.350 3.245E+05 63.542 2.210 
1286 426 110.801 2.750E+05 48.39 1.364 
1287 426 116.079 1.586E+05 34.498 2.087 
1288 426 122.529 1.938E+05 39.892 2.953 
1289 426 195.247 1.785E+05 33.382 1.805 
1290 426 206.975 3.130E+05 57.326 1.714 












1292 426 301.977 3.150E+05 48.476 1.647 
1293 432 4.070 3.803E+05 67.656 1.502 
1294 432 14.626 4.575E+05 85.97 1.633 
1295 432 56.849 1.577E+05 36.641 3.275 
1296 432 60.954 1.170E+05 28.01 1.305 
1297 432 89.689 2.071E+05 41.36 1.068 
1298 432 99.072 1.671E+05 32.663 1.232 
1299 432 106.696 1.585E+05 36.812 2.458 
1300 432 126.048 3.205E+05 64.037 1.505 
1301 432 140.122 2.555E+05 54.726 0.956 
1302 432 150.678 4.462E+05 72.27 1.717 
1303 432 156.542 4.300E+05 82.414 2.016 
1304 432 164.166 4.639E+05 79.838 1.381 
1305 432 175.308 3.433E+05 63.297 0.862 
1306 432 186.450 2.113E+05 39.681 2.497 
1307 432 235.124 2.725E+05 46.874 1.183 
1308 432 254.476 3.458E+05 57.67 2.966 
1309 432 271.483 4.262E+05 72.189 1.392 
1310 432 275.588 2.369E+05 58.598 2.280 
1311 432 288.489 2.676E+05 45.312 1.934 
1312 432 299.045 1.710E+05 37.577 2.330 
1313 432 308.428 4.656E+05 72.378 2.763 
1314 432 317.811 4.088E+05 67.174 2.035 
1315 432 323.675 1.114E+05 26.661 2.599 
1316 432 328.953 3.798E+05 71.372 1.282 
1317 432 339.509 2.762E+05 51.889 2.703 
1318 432 343.027 3.940E+05 70.102 1.533 
1319 432 348.892 4.028E+05 55.125 1.680 
1320 432 359.448 1.304E+05 29.418 1.642 
1321 438 8.762 1.107E+05 28.194 2.546 
1322 438 38.083 4.366E+05 66.339 1.661 
1323 438 52.158 1.574E+05 35.861 1.923 
1324 438 67.405 1.461E+05 28.634 1.065 
1325 438 84.998 1.572E+05 36.756 2.327 
1326 438 111.974 1.732E+05 42.817 0.801 
1327 438 131.326 3.388E+05 70.489 1.408 
1328 438 147.159 1.821E+05 45.014 1.633 












1330 438 161.820 2.267E+05 53.014 2.569 
1331 438 178.240 2.904E+05 60.421 1.970 
1332 438 193.488 2.112E+05 55.591 2.803 
1333 438 199.938 5.481E+05 80.641 2.793 
1334 438 211.667 3.720E+05 67.036 1.719 
1335 438 224.568 4.775E+05 81.135 1.820 
1336 438 244.507 1.905E+05 45.759 1.735 
1337 438 250.958 7.381E+05 101.464 0.667 
1338 438 266.205 3.034E+05 57.414 2.665 
1339 438 277.347 3.430E+05 74.544 2.001 
1340 438 281.452 2.627E+05 55.838 2.387 
1341 438 286.144 4.785E+05 81.3 1.570 
1342 438 304.323 1.725E+05 39.295 1.282 
1343 438 327.780 2.072E+05 51.214 1.517 
1344 438 355.343 1.677E+05 34.176 2.437 
1345 444 5.830 3.465E+05 76.142 1.674 
1346 444 45.707 4.091E+05 74.432 0.754 
1347 444 120.184 1.232E+05 33.121 2.951 
1348 444 165.339 1.976E+05 53.161 1.665 
1349 444 175.895 4.927E+05 93.77 0.736 
1350 444 182.932 2.611E+05 61.321 2.869 
1351 444 216.358 2.324E+05 54.567 2.612 
1352 444 272.656 2.465E+05 54.153 1.388 
1353 444 294.940 7.671E+05 108.429 0.706 
1354 444 313.120 3.272E+05 71.895 2.470 
1355 450 16.385 1.264E+05 36.705 2.923 
1356 450 19.904 2.423E+05 58.13 2.556 
1357 450 26.355 3.873E+05 69.793 1.743 
1358 450 41.602 1.679E+05 43.325 4.036 
1359 450 75.615 1.721E+05 42.257 2.769 
1360 450 80.893 3.092E+05 74.197 1.339 
1361 450 92.035 2.573E+05 55.725 2.197 
1362 450 103.764 1.028E+05 28.034 2.078 
1363 450 111.974 1.784E+05 46.056 0.898 
1364 450 124.289 1.710E+05 44.145 2.400 
1365 450 134.258 3.731E+05 89.523 3.326 
1366 450 137.777 6.282E+05 125.008 0.975 












1368 450 148.332 1.778E+05 45.883 1.448 
1369 450 167.098 2.211E+05 57.069 1.907 
1370 450 206.389 5.526E+05 100.905 1.266 
1371 450 218.704 5.472E+05 102.646 2.129 
1372 450 226.914 1.070E+05 29.196 2.400 
1373 450 234.538 1.795E+05 36.273 1.198 
1374 450 327.194 2.015E+05 47.26 0.992 
1375 450 334.231 1.703E+05 41.8 2.571 
1376 450 343.614 3.014E+05 64.095 1.540 
1377 456 13.453 2.360E+05 55.214 2.236 
1378 456 45.120 2.329E+05 59.46 1.366 
1379 456 53.917 2.847E+05 56.297 1.766 
1380 456 67.405 3.745E+05 76.273 1.332 
1381 456 109.628 2.774E+05 78.731 2.600 
1382 456 151.265 2.018E+05 51.502 2.068 
1383 456 180.000 3.772E+05 94.092 1.213 
1384 456 189.969 3.864E+05 78.71 0.885 
1385 456 222.809 3.052E+05 72.9 2.380 
1386 456 243.921 3.072E+05 63.54 0.772 
1387 456 262.100 2.241E+05 51.419 1.583 
1388 456 295.527 3.914E+05 80.957 0.916 
1389 456 300.218 1.441E+05 43.504 2.564 
1390 456 304.323 2.855E+05 83.516 2.180 
1391 456 324.848 2.235E+05 55.732 2.293 
1392 456 336.577 1.338E+05 30.687 2.108 
1393 456 351.824 1.709E+05 43.611 1.289 
1394 456 360.034 3.542E+05 75.263 303.295 
1395 462 8.175 1.788E+05 52.108 1.713 
1396 462 31.046 2.900E+05 69.718 2.663 
1397 462 37.497 3.067E+05 66.204 2.085 
1398 462 50.398 9.557E+04 27.052 2.569 
1399 462 80.306 4.282E+05 95.586 1.138 
1400 462 84.998 2.133E+05 53.455 2.221 
1401 462 87.930 1.834E+05 48.102 3.282 
1402 462 97.313 3.172E+05 60.285 0.912 
1403 462 106.696 2.889E+05 81.856 1.355 
1404 462 128.980 4.383E+05 93.139 2.509 












1406 462 159.475 2.813E+05 70.495 1.801 
1407 462 188.796 1.413E+05 42.441 1.581 
1408 462 205.216 4.242E+05 114.037 1.585 
1409 462 260.341 2.422E+05 66.794 1.681 
1410 462 277.347 1.895E+05 53.667 2.192 
1411 462 282.039 1.798E+05 46.057 1.853 
1412 462 306.082 2.003E+05 55.236 1.951 
1413 462 310.187 3.941E+05 77.881 1.718 
1414 462 315.465 2.819E+05 67.769 2.462 
1415 462 320.743 5.245E+05 103.658 1.173 
1416 462 331.885 1.139E+05 34.214 2.997 
1417 462 357.688 2.065E+05 52.92 2.417 
1418 468 23.423 2.580E+05 61.709 2.469 
1419 468 33.978 1.728E+05 54.401 2.483 
1420 468 104.350 1.798E+05 47.827 1.590 
1421 468 113.733 2.527E+05 60.43 2.551 
1422 468 147.159 2.219E+05 57.681 1.946 
1423 468 155.956 2.054E+05 54.654 2.274 
1424 468 179.413 4.091E+05 108.893 1.180 
1425 468 211.667 2.244E+05 58.347 2.775 
1426 468 243.334 1.746E+05 48.839 1.343 
1427 468 273.829 4.752E+05 94.02 1.826 
1428 468 289.076 4.388E+05 81.607 2.048 
1429 468 298.459 1.816E+05 53.707 2.167 
1430 468 352.997 2.247E+05 58.421 0.961 
1431 474 1.725 1.613E+05 51.239 2.422 
1432 474 8.762 1.761E+05 49.684 1.159 
1433 474 18.731 4.692E+05 96.221 2.129 
1434 474 44.534 1.761E+05 42.476 1.345 
1435 474 98.486 2.024E+05 51.9 1.308 
1436 474 107.282 3.228E+05 75.05 0.776 
1437 474 162.407 4.178E+05 86.884 1.965 
1438 474 171.203 9.593E+05 148.722 3.230 
1439 474 184.691 3.800E+05 85.366 1.927 
1440 474 197.593 5.603E+05 118.236 1.276 
1441 474 208.148 2.376E+05 65.353 3.461 
1442 474 215.772 2.325E+05 54.039 2.669 












1444 474 257.995 5.266E+05 92.568 1.661 
1445 474 268.551 2.080E+05 58.693 1.766 
1446 474 279.693 5.924E+05 107.473 0.939 
1447 474 286.144 1.682E+05 43.144 3.106 
1448 474 326.607 4.988E+05 90.478 1.282 
1449 480 12.867 1.869E+05 48.104 2.194 
1450 480 35.738 1.123E+05 34.651 2.282 
1451 480 53.917 1.170E+05 34.014 1.762 
1452 480 66.818 1.347E+05 42.931 1.967 
1453 480 73.269 3.367E+05 66.551 1.612 
1454 480 111.387 2.386E+05 60.12 2.092 
1455 480 123.116 3.435E+05 64.66 0.518 
1456 480 150.092 2.851E+05 69.025 0.676 
1457 480 158.302 1.585E+05 40.787 1.679 
1458 480 165.925 4.048E+05 92.793 1.471 
1459 480 177.654 4.962E+05 94.513 1.309 
1460 480 195.833 1.660E+05 43.665 1.828 
1461 480 221.050 1.518E+05 34.183 1.779 
1462 480 235.124 9.684E+04 28.969 1.383 
1463 480 248.612 2.493E+05 62.815 2.414 
1464 480 252.131 3.207E+05 68.907 2.965 
1465 480 265.619 5.468E+05 129.93 1.739 
1466 480 301.977 3.219E+05 61.298 2.034 
1467 480 321.330 3.024E+05 79.579 1.650 
1468 480 334.817 1.715E+05 37.411 1.658 
1469 480 344.200 2.906E+05 57.422 1.996 
1470 480 349.478 2.281E+05 51.385 2.876 
1471 480 352.997 1.262E+05 37.766 1.196 
1472 486 3.484 1.920E+05 41.327 1.442 
1473 486 10.521 1.475E+05 32.754 1.516 
1474 486 49.812 2.303E+05 58.12 2.141 
1475 486 63.300 3.530E+05 95.273 1.711 
1476 486 80.893 4.018E+05 90.73 1.921 
1477 486 86.171 3.147E+05 65.786 1.099 
1478 486 125.462 1.681E+05 49.001 1.843 
1479 486 145.400 2.604E+05 72.016 1.099 
1480 486 246.266 1.531E+05 39.456 2.317 












1482 486 280.866 3.342E+05 67.949 0.958 
1483 486 309.014 2.716E+05 58.46 1.669 
1484 486 312.533 4.341E+05 98.036 1.344 
1485 486 318.984 2.608E+05 63.262 2.522 
1486 486 357.688 3.541E+05 65.278 1.566 
1487 492 15.212 3.039E+05 65.477 2.002 
1488 492 21.663 1.376E+05 43.959 3.192 
1489 492 26.355 5.631E+05 106.298 2.099 
1490 492 40.429 1.666E+05 41.222 3.021 
1491 492 55.090 1.577E+05 38.257 1.189 
1492 492 61.541 4.120E+05 94.697 1.387 
1493 492 67.991 3.424E+05 81.553 1.343 
1494 492 78.547 3.390E+05 87.488 2.127 
1495 492 123.116 2.971E+05 76.666 0.999 
1496 492 133.672 8.177E+05 141.74 1.023 
1497 492 141.295 9.920E+04 30.671 4.086 
1498 492 150.092 4.188E+05 105.805 0.950 
1499 492 160.647 1.017E+05 30.505 2.233 
1500 492 186.450 1.619E+05 42.692 1.744 
1501 492 205.803 3.188E+05 75.935 0.915 
1502 492 226.914 3.501E+05 69.376 1.037 
1503 492 233.951 1.451E+05 40.14 1.644 
1504 492 261.514 3.278E+05 79.567 3.103 
1505 492 290.835 2.122E+05 48.761 2.392 
1506 492 325.435 2.216E+05 57.166 1.704 
1507 498 31.633 3.952E+05 81.511 2.086 
1508 498 90.862 4.284E+05 108.239 3.418 
1509 498 114.906 2.413E+05 57.467 2.215 
1510 498 117.838 2.109E+05 51.179 2.463 
1511 498 137.777 1.668E+05 43.986 3.465 
1512 498 145.987 2.204E+05 53.488 1.153 
1513 498 153.610 1.739E+05 52.201 2.721 
1514 498 165.339 1.636E+05 40.484 0.964 
1515 498 180.586 2.120E+05 58.666 2.247 
1516 498 191.142 2.800E+05 63.255 3.374 
1517 498 211.667 2.934E+05 64.191 2.056 
1518 498 240.402 2.676E+05 59.479 3.229 












1520 498 297.286 1.155E+05 31.95 3.188 
1521 498 313.706 1.201E+05 36.024 2.018 
1522 498 323.675 9.302E+04 28.758 1.660 
1523 498 336.577 7.890E+04 22.992 2.555 
1524 498 340.095 8.892E+04 24.584 3.385 
1525 504 18.731 1.478E+05 47.225 1.036 
1526 504 44.534 1.983E+05 48.106 1.328 
1527 504 60.368 1.595E+05 50.968 1.685 
1528 504 73.856 1.334E+05 40.033 2.660 
1529 504 86.757 3.188E+05 82.263 1.734 
1530 504 125.462 3.362E+05 90.803 1.697 
1531 504 132.499 1.954E+05 54.075 1.486 
1532 504 155.956 1.523E+05 44.406 2.546 
1533 504 178.240 3.449E+05 74.302 1.799 
1534 504 197.006 3.232E+05 74.269 2.392 
1535 504 205.216 1.842E+05 49.727 1.120 
1536 504 220.463 2.669E+05 59.31 1.489 
1537 510 185.864 1.621E+05 40.93 1.438 
1538 510 208.148 1.094E+05 34.939 2.364 
1539 516 11.694 1.329E+05 30.515 1.838 
1540 516 18.731 2.530E+05 55.345 0.599 
1541 516 25.182 2.486E+05 65.594 1.760 
1542 516 29.287 1.652E+05 52.787 3.279 
1543 516 33.392 3.306E+05 69.161 1.297 
1544 516 43.361 1.296E+05 41.411 1.899 
1545 516 46.293 2.545E+05 64.295 0.870 
1546 516 54.503 4.011E+05 74.001 1.170 
1547 516 59.195 3.233E+05 75.609 1.069 
1548 516 63.300 3.359E+05 83.149 1.785 
1549 516 77.374 1.906E+05 49.166 0.929 
1550 516 84.998 2.111E+05 61.562 1.295 
1551 516 97.899 1.682E+05 47.736 3.034 
1552 522 100.831 2.473E+05 55.863 2.374 
1553 522 114.906 3.434E+05 76.326 1.533 
1554 522 327.780 1.254E+05 38.797 1.581 
1555 528 45.707 1.863E+05 54.326 0.820 
1556 528 67.991 7.095E+05 121.792 0.942 












1558 528 76.788 4.833E+05 104.129 0.679 
1559 528 82.652 2.417E+05 72.552 2.486 
1560 528 87.344 3.094E+05 85.626 1.570 
1561 528 92.621 4.589E+05 83.742 1.166 
1562 528 106.109 3.220E+05 61.478 0.980 
1563 528 120.184 1.630E+05 52.079 2.805 
1564 528 296.699 7.983E+05 135.737 2.008 
1565 528 299.632 1.971E+06 213.183 0.734 
1566 528 311.947 5.529E+05 92.277 2.035 
1567 534 158.888 4.049E+05 91.485 2.459 
1568 534 165.925 4.122E+05 98.178 2.312 
1569 534 171.790 7.949E+05 151.836 2.508 
1570 534 179.413 3.560E+05 89.948 2.884 
1571 534 182.932 2.583E+05 79.928 3.859 
1572 534 189.383 7.241E+05 139.992 2.047 
1573 534 193.488 5.630E+05 142.248 1.929 
1574 534 195.833 4.467E+05 123.645 2.606 
1575 534 201.698 1.007E+06 199.579 2.675 
1576 534 209.321 1.414E+06 250.059 1.247 
1577 534 213.426 1.218E+06 244.707 2.329 
1578 534 217.531 7.515E+05 175.8 2.090 
1579 534 219.877 4.095E+05 119.462 2.960 
1580 534 222.809 5.817E+05 161.004 3.287 
1581 534 225.741 1.348E+06 227.086 1.506 
1582 534 232.778 9.922E+05 196.686 3.016 
1583 534 237.470 1.813E+06 247.809 1.892 
1584 534 245.093 8.728E+05 175.265 3.081 
1585 534 249.199 1.391E+06 212.025 2.116 
1586 534 254.476 3.814E+05 114.508 4.750 
1587 534 257.995 5.605E+05 138.769 2.428 
1588 534 260.341 1.109E+06 188.628 1.209 
1589 534 270.310 2.296E+06 266.22 1.170 
1590 534 280.279 5.034E+05 105.321 2.491 
1591 534 283.212 4.085E+05 103.214 2.956 
1592 534 286.144 5.382E+05 109.527 1.907 
1593 534 288.489 4.753E+05 95.434 1.918 
1594 534 292.008 3.347E+05 84.558 3.566 












1596 534 320.157 2.608E+05 64.557 2.776 
1597 534 325.435 1.517E+05 44.246 2.526 
1598 534 329.540 1.665E+05 46.057 1.734 
1599 534 332.472 1.596E+05 40.298 2.072 
1600 534 339.509 1.097E+05 35.04 1.959 
1601 534 341.268 1.115E+05 35.621 1.911 
1602 534 345.373 1.340E+05 37.07 3.490 
1603 534 349.478 9.522E+04 28.559 4.130 
1604 534 358.275 2.062E+05 46.583 2.502 
1605 540 1.138 1.403E+05 40.923 3.835 
1606 540 8.175 2.541E+05 51.685 2.628 
1607 540 24.595 1.343E+05 41.541 1.733 
1608 540 37.497 1.404E+05 43.423 3.509 
1609 540 84.998 2.473E+05 76.515 1.069 
1610 540 89.103 2.681E+05 78.205 1.197 
1611 540 94.381 1.971E+05 60.989 1.555 
1612 540 103.177 2.591E+05 80.183 1.461 
1613 540 104.936 2.949E+05 77.819 0.844 
1614 540 116.079 3.249E+05 85.741 1.116 
1615 540 122.529 3.042E+05 78.509 2.202 
1616 540 125.462 5.247E+05 113.066 2.082 
1617 540 128.394 6.516E+05 109.758 1.564 
1618 540 134.844 5.438E+05 112.194 2.066 
1619 540 143.054 5.036E+05 105.369 2.439 
1620 540 149.505 3.335E+05 79.424 3.061 














1 6 9.935 1.125E+05 23.342 5.041 
2 6 35.738 1.991E+05 35.254 7.957 
3 6 92.035 2.349E+05 57.956 2.299 
4 6 119.597 1.853E+05 35.603 3.142 
5 6 222.809 4.599E+04 11.32 3.093 
6 6 277.347 8.603E+04 18.635 8.958 
7 6 284.971 8.939E+04 20.841 9.229 
8 6 327.780 1.722E+05 30.034 10.918 
9 6 341.855 1.457E+05 30.243 7.152 
10 6 350.651 7.643E+04 20.052 4.365 
11 12 19.317 6.678E+04 12.174 3.820 
12 12 26.941 1.254E+05 19.655 2.951 
13 12 78.547 2.568E+05 45.463 2.276 
14 12 85.584 4.079E+04 10.685 2.241 
15 12 102.591 1.166E+05 23.701 4.689 
16 12 126.634 1.234E+05 20.351 1.563 
17 12 143.054 1.339E+05 35.169 3.998 
18 12 214.599 1.251E+05 25.958 5.722 
19 12 249.785 1.030E+05 15.776 6.263 
20 12 298.459 6.859E+04 13.93 2.882 
21 12 307.255 2.433E+05 44.455 4.336 
22 12 311.360 9.713E+04 23.271 5.261 
23 12 315.465 1.618E+05 37.752 4.875 
24 12 354.170 1.915E+05 29.349 2.738 
25 18 14.626 2.274E+05 30.631 3.228 
26 18 56.263 7.400E+04 11.321 3.161 
27 18 76.201 7.115E+04 15.769 2.509 
28 18 87.344 8.711E+04 20.308 2.222 
29 18 114.906 4.631E+04 11.399 2.474 
30 18 136.017 1.339E+05 25.27 1.735 
31 18 145.987 1.211E+05 27.521 3.009 
32 18 163.580 2.261E+05 32.513 7.477 
33 18 264.446 3.084E+04 7.579 10.619 
34 18 301.391 4.806E+04 11.496 3.743 
35 24 90.862 6.733E+04 16.589 2.555 
36 24 139.536 3.593E+05 57.091 3.347 












38 24 179.413 1.145E+05 19.668 7.557 
39 24 189.383 3.731E+05 53.673 3.047 
40 24 219.877 6.076E+04 12.862 2.569 
41 30 108.455 8.517E+04 18.449 1.815 
42 30 116.665 8.538E+04 22.406 2.656 
43 30 134.258 5.062E+04 9.881 2.327 
44 30 208.148 1.705E+05 27.414 0.843 
45 30 240.988 1.120E+05 21.908 1.869 
46 36 113.733 1.381E+05 31.402 2.224 
47 36 125.462 2.526E+05 45.428 2.488 
48 36 192.901 7.552E+04 16.356 4.064 
49 42 89.103 9.190E+04 17.046 1.319 
50 42 143.054 8.898E+04 18.08 3.215 
51 42 201.111 6.615E+04 17.352 2.620 
52 42 203.457 1.037E+05 19.236 2.028 
53 42 207.562 1.381E+05 24.814 0.582 
54 48 26.355 7.135E+04 11.906 2.169 
55 48 108.455 1.039E+05 21.546 1.778 
56 48 117.838 1.648E+05 32.868 2.265 
57 48 304.323 9.841E+04 14.276 2.696 
58 54 94.967 1.267E+05 17.68 1.820 
59 54 128.394 2.802E+05 49.616 1.610 
60 54 241.575 4.802E+05 54.958 1.166 
61 60 89.103 8.208E+04 18.198 1.795 
62 60 100.245 1.155E+05 21.44 3.656 
63 60 104.936 1.034E+05 19.503 2.157 
64 60 235.711 2.313E+05 40.947 1.795 
65 60 257.409 3.561E+05 37.355 1.044 
66 66 58.608 1.773E+05 27.494 4.393 
67 66 124.289 2.616E+05 48.586 3.064 
68 72 109.628 3.728E+05 59.236 1.437 
69 72 128.980 2.064E+05 33.612 1.286 
70 78 96.140 1.547E+05 28.256 2.419 
71 78 117.252 2.298E+05 44.994 1.162 
72 78 231.606 2.771E+05 37.322 2.635 
73 84 5.243 8.694E+04 16.997 5.222 
74 84 103.764 3.006E+05 56.78 0.893 












76 84 239.229 7.674E+04 18.911 2.590 
77 90 104.936 1.315E+05 31.509 1.840 
78 90 110.214 7.577E+04 19.247 2.187 
79 90 117.252 8.274E+04 21.711 1.437 
80 90 140.122 1.927E+05 33.119 2.634 
81 90 153.610 2.525E+05 41.123 1.042 
82 96 129.567 2.802E+05 44.883 1.284 
83 96 276.761 4.326E+05 47.568 1.672 
84 102 103.177 2.162E+05 45.249 1.713 
85 102 153.610 5.378E+04 11.232 0.866 
86 102 257.409 4.228E+05 44.958 1.266 
87 108 9.935 1.705E+05 31.919 2.432 
88 108 79.720 1.631E+05 32.788 9.891 
89 108 117.252 5.391E+04 12.039 1.367 
90 108 130.739 1.296E+05 30.488 1.646 
91 108 134.844 1.391E+05 31.116 3.778 
92 108 263.273 2.820E+05 43.111 1.672 
93 108 267.964 2.921E+05 42.362 2.010 
94 108 270.896 1.225E+05 26.774 1.670 
95 108 272.656 1.069E+05 26.568 1.935 
96 108 287.903 1.418E+05 26.986 2.382 
97 114 99.072 2.095E+05 34.842 2.734 
98 114 115.492 9.496E+04 19.077 1.505 
99 114 126.048 1.128E+05 24.093 0.818 
100 114 138.949 8.937E+04 16.997 1.726 
101 114 260.927 2.787E+05 48.314 2.002 
102 120 146.573 6.265E+04 11.993 4.557 
103 120 169.444 2.267E+05 33.785 7.936 
104 126 107.869 2.700E+05 47.151 2.553 
105 126 112.560 6.325E+04 16.847 2.564 
106 126 126.048 1.210E+05 26.046 1.131 
107 126 128.980 7.976E+04 19.964 3.101 
108 126 291.422 3.694E+05 45.605 2.005 
109 126 295.527 2.163E+05 34.467 2.778 
110 126 299.632 1.522E+05 28.693 2.487 
111 126 302.564 1.587E+05 25.903 1.944 
112 132 10.521 1.107E+05 20.085 2.131 












114 132 279.693 1.800E+05 30.046 2.117 
115 132 283.212 1.080E+05 23.464 2.358 
116 132 285.557 1.195E+05 25.97 2.208 
117 138 101.418 1.236E+05 26.293 3.206 
118 138 133.085 3.080E+05 63.006 1.440 
119 144 111.387 2.262E+05 45.407 2.091 
120 144 141.295 1.482E+05 34.543 2.770 
121 150 106.109 2.919E+05 47.526 2.502 
122 150 131.912 6.318E+04 15.502 1.844 
123 150 136.604 8.777E+04 19.49 1.714 
124 150 231.606 4.446E+05 56.224 1.617 
125 150 238.056 9.106E+04 21.211 2.931 
126 156 122.529 1.038E+05 18.515 2.794 
127 156 126.048 7.630E+04 17.314 3.092 
128 156 208.148 1.253E+05 21.723 0.733 
129 156 213.426 2.530E+05 39.256 1.599 
130 156 216.945 2.855E+05 44.313 1.068 
131 162 143.054 4.354E+04 10.628 2.481 
132 168 96.726 2.638E+05 35.552 2.699 
133 168 110.801 1.040E+05 21.891 2.195 
134 168 117.838 1.050E+05 18.661 3.389 
135 168 198.179 3.143E+05 40.735 2.250 
136 168 204.043 9.423E+04 25.602 3.695 
137 168 207.562 1.022E+05 27.771 1.173 
138 174 145.400 1.746E+05 31.373 2.391 
139 174 215.772 1.380E+05 36.162 1.668 
140 174 236.297 4.846E+05 58.665 1.117 
141 174 241.575 2.013E+05 34.672 2.228 
142 180 219.291 1.299E+05 31.879 1.651 
143 186 209.908 4.269E+05 61.652 1.110 
144 186 212.253 4.207E+05 64.606 1.192 
145 186 221.050 2.108E+05 40.064 1.309 
146 192 142.468 2.008E+05 35.852 3.045 
147 192 153.610 8.842E+04 21.104 4.926 
148 204 105.523 2.423E+05 48.406 1.858 
149 204 224.568 2.917E+05 46.727 0.996 
150 204 226.328 3.439E+05 51.004 0.759 












152 216 148.919 8.201E+04 15.742 2.911 
153 222 39.256 1.227E+05 19.446 18.816 
154 222 106.696 2.416E+05 45.463 1.951 
155 228 151.851 8.587E+04 13.422 1.576 
156 228 171.790 1.118E+05 21.433 6.575 
157 228 231.019 8.950E+05 82.37 1.015 
158 234 113.146 2.064E+05 31.899 2.283 
159 234 121.943 1.109E+05 16.717 2.627 
160 240 215.772 1.080E+05 23.026 3.879 
161 246 226.914 1.252E+05 26.637 3.719 
162 252 116.665 1.534E+05 27.85 2.639 
163 252 127.807 1.609E+05 24.265 2.002 
164 252 149.505 1.284E+05 20.353 1.877 
165 252 151.851 4.962E+04 12.105 3.183 
166 252 154.783 1.516E+05 27.508 2.826 
167 252 165.339 1.146E+05 19.194 3.708 
168 264 130.739 8.273E+04 16.436 2.697 
169 264 212.253 2.453E+05 34.495 1.959 
170 276 125.462 1.226E+05 20.189 2.434 
171 276 161.820 7.548E+04 12.597 2.293 
172 282 114.319 1.616E+05 24.866 2.637 
173 294 138.949 3.748E+05 49.585 1.700 
174 300 134.258 2.438E+05 43.95 1.672 
175 306 162.993 3.039E+05 39.45 1.927 
176 312 127.807 1.463E+05 25.976 1.218 
177 312 141.882 1.355E+05 27.129 3.310 
178 312 357.102 1.059E+05 16.804 13.756 
179 318 134.258 9.204E+04 18.855 1.521 
180 318 153.024 9.298E+04 19.047 2.197 
181 318 165.339 1.411E+05 23.432 1.820 
182 318 168.857 1.086E+05 18.936 3.622 
183 324 138.363 1.321E+05 24.322 2.795 
184 330 127.807 1.589E+05 35.029 2.030 
185 330 150.678 3.660E+05 48.919 1.594 
186 330 250.371 1.061E+05 21.645 2.355 
187 330 252.717 2.046E+05 28.528 1.163 
188 336 126.048 3.925E+05 65.153 1.628 












190 336 144.227 2.564E+05 39.493 2.931 
191 336 241.575 3.089E+05 34.351 2.355 
192 336 247.439 1.783E+05 28.245 2.214 
193 342 153.610 1.038E+05 23.973 1.686 
194 342 158.302 2.663E+05 43.508 4.214 
195 348 136.017 4.516E+05 62.869 1.890 
196 354 147.746 1.637E+05 28.085 3.405 
197 354 152.437 2.210E+05 38.589 1.542 
198 360 133.672 8.413E+04 16.956 2.009 
199 360 141.882 5.804E+05 82.857 1.694 
200 366 126.634 2.036E+05 29.792 0.937 
201 372 143.641 1.344E+05 27.88 1.613 
202 372 151.265 8.639E+04 16.751 1.687 
203 378 125.462 2.394E+05 38.032 0.975 
204 378 135.431 1.238E+05 22.6 1.609 
205 390 144.227 1.963E+05 36.602 1.573 
206 390 169.444 1.375E+05 23.329 4.687 
207 396 163.580 9.629E+04 19.045 5.089 
208 402 155.370 1.748E+05 32.131 3.853 
209 414 238.056 1.240E+05 29.296 6.673 
210 414 314.292 1.915E+05 32.341 5.613 
211 420 221.636 9.860E+04 23.816 0.949 
212 420 245.093 2.509E+05 42.016 2.028 
213 426 223.982 1.708E+05 36.943 1.861 
214 432 221.050 1.844E+05 39.736 0.574 
215 456 243.921 1.136E+05 40.749 1.841 
216 468 136.017 2.211E+05 56.525 3.424 
217 468 248.026 5.343E+05 112.433 1.543 
218 468 253.304 2.278E+05 62.688 2.640 
219 468 257.409 1.703E+05 46.853 2.847 
220 468 276.174 9.447E+04 34.95 3.705 
221 474 165.339 1.443E+05 44.539 1.223 
222 474 242.748 1.663E+05 53.996 1.480 
223 474 296.113 2.699E+05 65.606 1.841 
224 492 165.925 1.052E+05 32.157 1.354 
225 504 175.895 1.360E+05 42.235 2.354 
226 504 220.463 1.064E+05 36.79 2.465 












228 510 214.013 1.881E+05 45.109 1.702 
229 510 218.118 9.914E+04 32.977 2.336 
230 510 228.087 2.183E+05 58.243 1.759 
231 510 232.192 3.620E+05 89.455 1.345 
232 510 237.470 3.217E+05 90.263 1.750 
233 510 240.988 3.072E+05 80.094 1.647 
234 510 248.612 4.835E+05 124.679 1.937 
235 510 257.995 8.136E+05 173.237 0.929 
236 510 265.032 8.676E+05 189.084 1.432 
237 510 267.964 3.985E+05 127.988 3.183 
238 510 270.896 7.372E+05 190.118 1.688 
239 510 276.174 2.783E+05 98.273 2.564 
240 510 278.520 2.581E+05 102.4 2.529 
241 510 280.866 2.022E+05 87.424 2.561 
242 510 284.384 3.295E+05 87.938 2.530 
243 510 289.662 2.349E+05 75.453 2.780 
244 510 293.181 1.247E+05 55.656 2.954 
245 510 295.527 1.867E+05 67.326 2.272 
246 510 299.632 2.162E+05 77.949 2.205 
247 510 301.977 2.296E+05 81.042 2.519 
248 510 306.082 4.287E+05 121.911 2.236 
249 510 312.533 5.370E+05 131.355 2.598 
250 510 317.225 7.149E+05 130.347 1.057 
251 510 326.607 2.623E+05 72.645 4.229 
252 510 332.472 4.086E+05 89.748 2.793 
253 510 338.922 3.294E+05 75.461 3.014 
254 510 346.546 2.109E+05 60.792 2.939 
255 510 351.238 1.647E+05 53.829 3.806 
256 510 357.102 2.499E+05 65.901 1.972 
257 510 362.380 1.855E+05 42.853 217.628 
258 516 5.830 1.495E+05 43.691 5.953 
259 516 14.626 2.751E+05 52.203 3.361 
260 516 188.796 3.306E+05 81.671 0.855 
261 522 143.641 3.701E+05 84.775 1.996 
262 522 153.024 2.349E+05 69.669 2.649 
263 522 155.956 9.531E+04 41.192 2.620 
264 522 172.376 1.316E+05 49.648 2.050 












266 528 157.715 1.328E+05 42.631 1.785 
267 528 166.512 2.287E+05 56.496 2.352 
268 528 174.722 3.157E+05 88.563 1.500 
269 528 195.247 4.241E+05 117.466 1.112 
270 528 200.525 1.316E+05 46.455 2.315 
271 534 181.759 4.931E+05 117.164 2.116 
272 534 185.864 4.374E+05 148.376 1.952 
273 534 188.210 5.686E+05 168.681 0.975 
274 534 219.877 1.313E+05 49.534 2.189 
275 534 223.396 9.836E+04 43.908 3.458 
276 534 232.778 2.170E+05 69.703 1.347 
277 534 236.883 1.395E+05 56.85 2.285 
278 534 241.575 1.530E+05 57.73 2.039 
279 534 245.093 1.156E+05 48.496 3.846 
280 534 250.958 1.051E+05 44.07 3.633 
281 534 258.581 1.019E+05 37.564 2.148 
282 540 212.253 6.013E+04 24.489 2.893 
283 540 215.186 6.912E+04 30.842 3.255 
284 540 227.501 2.931E+05 108.1 2.558 
285 540 255.063 2.734E+05 92.735 2.716 
286 540 265.619 9.652E+04 41.717 3.032 
287 540 304.323 1.214E+05 37.696 2.341 
288 540 317.811 1.926E+05 57.972 2.049 














1 6 49.812 2.036E+05 46.399 4.979 
2 6 116.079 5.013E+04 12.268 3.933 
3 6 180.586 1.172E+05 24.557 3.302 
4 12 44.534 8.025E+04 16.803 4.306 
5 12 56.263 7.651E+04 16.673 3.434 
6 12 86.757 1.402E+05 25.694 1.725 
7 12 106.696 8.151E+04 15.886 3.575 
8 12 111.974 7.451E+04 17.788 3.379 
9 12 157.715 2.322E+05 43.21 4.993 
10 12 162.993 2.094E+05 38.97 2.505 
11 12 195.833 6.382E+04 13.62 2.691 
12 12 228.087 7.288E+04 13.968 1.734 
13 12 241.575 1.969E+05 39.081 3.550 
14 12 294.940 1.972E+05 33.326 6.270 
15 12 326.607 2.167E+05 38.608 6.256 
16 18 33.978 1.033E+05 21.23 8.251 
17 18 165.925 5.831E+04 14.668 3.768 
18 18 186.450 2.203E+05 37.7 3.271 
19 24 137.190 2.323E+05 44.607 3.379 
20 24 170.030 1.801E+05 33.004 3.720 
21 24 203.457 1.490E+05 27.708 4.191 
22 24 209.321 2.386E+05 40.837 2.440 
23 24 255.649 2.716E+05 45.344 7.002 
24 30 79.133 2.501E+05 40.775 1.896 
25 30 83.238 9.623E+04 25.702 4.355 
26 30 218.704 1.283E+05 25.447 1.050 
27 30 226.328 5.887E+04 13.393 2.256 
28 30 234.538 1.466E+05 25.072 2.109 
29 30 285.557 7.280E+04 13.953 2.582 
30 30 348.305 1.284E+05 26.898 0.893 
31 36 15.799 9.287E+04 16.084 4.986 
32 36 86.757 7.236E+04 19.953 3.114 
33 36 89.103 1.103E+05 27.034 2.495 
34 36 120.184 1.815E+05 37.338 3.953 
35 36 144.227 1.177E+05 18.74 2.073 
36 36 194.074 1.087E+05 19.083 2.397 












38 42 93.208 1.270E+05 22.008 3.192 
39 42 109.041 1.186E+05 23.534 2.511 
40 42 113.733 6.291E+04 14.314 2.963 
41 42 125.462 6.497E+04 13.596 1.910 
42 42 149.505 2.117E+05 32.998 4.571 
43 42 218.118 1.093E+05 24.345 1.208 
44 42 236.883 6.825E+04 15.898 2.318 
45 42 314.879 9.707E+04 17.037 1.794 
46 42 339.509 1.514E+05 29.529 2.489 
47 42 348.305 2.047E+05 36.987 0.964 
48 48 99.072 9.851E+04 19.206 2.716 
49 48 183.518 2.048E+05 42.134 4.357 
50 48 210.494 9.013E+04 18.522 2.287 
51 48 263.273 9.211E+04 18.93 5.093 
52 48 310.774 2.565E+05 53.784 3.608 
53 54 8.762 1.198E+05 21.042 4.991 
54 54 55.676 1.093E+05 22.053 1.769 
55 54 77.961 1.042E+05 20.672 1.924 
56 54 135.431 1.111E+05 22.043 2.723 
57 54 140.709 2.494E+05 38.089 2.566 
58 54 199.352 1.924E+05 28.792 3.370 
59 54 221.050 8.909E+04 20.285 3.109 
60 54 304.323 1.467E+05 29.633 2.335 
61 54 337.163 2.018E+05 29.624 1.739 
62 60 70.923 2.378E+05 36.692 3.251 
63 60 123.116 1.480E+05 25.657 2.008 
64 60 126.634 9.184E+04 21.936 2.224 
65 60 189.383 1.459E+05 25.629 4.112 
66 60 284.384 1.142E+05 23.485 2.438 
67 66 116.079 1.887E+05 29.728 2.356 
68 66 132.499 4.440E+05 62.346 1.955 
69 66 160.647 7.328E+04 16.314 2.157 
70 66 167.098 1.256E+05 22.675 3.247 
71 66 239.816 2.467E+05 39.315 2.070 
72 66 313.706 9.454E+04 19.803 2.180 
73 72 21.663 7.954E+04 16.656 1.369 
74 72 55.676 1.360E+05 24.913 1.390 












76 72 143.641 1.908E+05 33.082 2.515 
77 72 178.240 2.153E+05 35.502 4.571 
78 78 107.869 1.658E+05 34.748 1.271 
79 78 172.376 1.255E+05 22.657 2.205 
80 78 218.704 1.614E+05 25.151 1.573 
81 78 270.896 1.546E+05 26.115 2.714 
82 78 304.909 2.309E+05 39.033 2.053 
83 78 360.034 8.052E+04 16.546 3.132 
84 84 19.904 1.254E+05 26.269 1.725 
85 84 80.893 1.280E+05 24.963 1.566 
86 84 100.831 2.775E+05 40.748 1.372 
87 84 121.943 1.431E+05 22.791 1.401 
88 84 153.024 1.286E+05 24.671 2.430 
89 84 157.715 1.673E+05 30.219 3.322 
90 84 162.407 8.439E+04 15.013 1.603 
91 84 212.840 8.546E+04 20.412 1.330 
92 84 250.958 1.694E+05 25.603 4.194 
93 84 279.693 1.291E+05 27.052 3.419 
94 84 283.212 1.699E+05 29.85 2.156 
95 84 323.675 1.313E+05 24.411 2.136 
96 90 42.188 1.035E+05 17.923 3.575 
97 90 203.457 1.431E+05 29.436 5.152 
98 90 266.791 7.383E+04 15.167 3.849 
99 90 348.892 1.149E+05 22.417 3.571 
100 96 103.177 7.829E+04 20.282 1.418 
101 96 109.041 2.709E+05 48.956 1.251 
102 96 133.085 9.985E+04 18.851 1.881 
103 96 170.030 9.583E+04 17.054 2.141 
104 96 213.426 1.032E+05 18.634 0.991 
105 96 239.816 1.399E+05 25.641 2.074 
106 96 242.748 1.795E+05 38.371 2.869 
107 96 354.756 1.075E+05 27.85 1.331 
108 102 14.040 9.429E+04 19.75 5.473 
109 102 20.490 1.224E+05 23.109 1.522 
110 102 32.805 9.827E+04 18.552 5.188 
111 102 102.004 6.877E+04 17.811 1.381 
112 102 127.221 2.842E+05 48.048 1.719 












114 102 154.783 8.492E+04 18.138 2.363 
115 102 219.877 8.311E+04 19.848 2.806 
116 102 232.778 8.940E+04 18.041 5.778 
117 102 274.415 2.367E+05 45.45 3.937 
118 108 82.066 1.979E+05 31.879 1.343 
119 108 129.567 7.740E+04 20.051 3.194 
120 108 300.804 2.173E+05 27.562 2.177 
121 108 325.435 1.680E+05 30.793 2.128 
122 108 337.163 1.193E+05 23.667 4.472 
123 108 355.343 1.711E+05 33.964 1.119 
124 114 25.768 1.455E+05 29.377 2.118 
125 114 109.041 2.217E+05 45.611 1.619 
126 114 216.945 5.823E+04 13.247 3.453 
127 114 361.793 6.948E+04 14.525 3.417 
128 120 38.670 2.311E+05 38.073 2.189 
129 120 48.053 2.588E+05 43.696 1.519 
130 120 69.751 2.476E+05 42.324 4.334 
131 120 115.492 1.287E+05 26.424 2.153 
132 120 122.529 1.174E+05 26.701 3.549 
133 120 136.604 1.399E+05 24.886 2.557 
134 120 153.024 1.565E+05 26.402 1.800 
135 120 161.234 1.903E+05 39.105 2.484 
136 120 308.428 1.480E+05 27.079 4.837 
137 126 79.133 1.167E+05 21.965 2.467 
138 126 86.171 1.584E+05 31.879 3.409 
139 126 90.862 1.127E+05 23.995 4.070 
140 126 99.072 1.369E+05 24.995 2.444 
141 126 263.273 1.184E+05 23.005 3.408 
142 126 321.916 1.239E+05 25.881 2.747 
143 132 140.122 7.412E+04 15.118 2.584 
144 132 329.540 2.168E+05 33.214 2.835 
145 132 347.719 2.044E+05 35.195 2.426 
146 138 25.768 1.056E+05 21.062 2.213 
147 138 48.639 9.362E+04 19.367 1.686 
148 138 158.302 7.496E+04 14.674 2.772 
149 138 162.993 2.190E+05 38.001 2.195 
150 138 172.376 7.159E+04 14.802 2.947 












152 138 280.866 1.546E+05 27.987 3.097 
153 144 110.801 3.392E+05 60.213 2.493 
154 144 115.492 8.966E+04 20.527 2.301 
155 144 319.570 1.780E+05 31.139 2.210 
156 150 39.256 1.127E+05 22.99 2.802 
157 150 81.479 1.979E+05 33.401 2.245 
158 150 107.282 2.628E+05 51.679 3.257 
159 150 128.394 1.539E+05 33.373 3.314 
160 150 146.573 9.842E+04 19.333 2.269 
161 150 169.444 1.153E+05 19.696 2.254 
162 150 211.667 2.034E+05 29.916 2.245 
163 150 344.787 1.511E+05 29.707 2.968 
164 156 8.762 2.024E+05 28.135 3.197 
165 156 125.462 4.173E+05 75.628 1.713 
166 156 136.604 1.014E+05 18.932 1.585 
167 156 290.249 2.113E+05 31.093 5.000 
168 162 53.917 1.700E+05 29.971 4.522 
169 162 100.831 1.459E+05 26.103 1.774 
170 162 154.783 1.885E+05 37.298 1.614 
171 162 205.803 2.844E+05 41.784 3.218 
172 162 219.877 1.183E+05 25.345 4.085 
173 162 225.741 4.471E+05 55.772 3.136 
174 168 76.201 1.618E+05 29.004 3.561 
175 168 93.794 8.104E+04 19.362 3.725 
176 168 97.313 1.222E+05 25.286 2.962 
177 168 131.326 9.490E+04 18.177 2.722 
178 168 350.065 2.379E+05 35.203 1.444 
179 174 37.497 2.819E+05 41.077 1.849 
180 174 46.880 1.541E+05 28.572 3.208 
181 174 87.930 3.025E+05 49.02 1.994 
182 174 124.875 1.377E+05 28.677 1.153 
183 174 135.431 1.217E+05 28.651 2.089 
184 174 146.573 2.050E+05 40.157 1.582 
185 174 153.610 1.701E+05 34.687 1.678 
186 174 352.410 2.141E+05 37.798 2.005 
187 180 138.949 9.913E+04 19.444 2.987 
188 180 161.234 1.197E+05 22.195 2.330 












190 180 280.866 2.402E+05 32.688 1.897 
191 180 313.120 1.553E+05 26.129 3.328 
192 186 103.177 3.224E+05 49.087 1.985 
193 186 126.048 2.088E+05 40.2 1.195 
194 186 143.641 8.511E+04 17.863 3.121 
195 186 147.746 7.116E+04 16.598 0.858 
196 186 242.161 2.089E+05 31.788 5.699 
197 186 300.804 1.024E+05 20.547 1.739 
198 186 317.225 1.144E+05 21.19 3.383 
199 192 84.998 1.523E+05 26.041 1.579 
200 192 99.659 2.837E+05 45.853 1.367 
201 192 136.017 1.462E+05 27.637 1.433 
202 192 178.240 2.618E+05 37.54 5.229 
203 192 257.409 1.929E+05 29.599 2.492 
204 192 302.564 6.995E+04 17.734 2.178 
205 198 117.252 9.470E+04 22.951 3.099 
206 198 120.770 1.663E+05 33.631 3.149 
207 198 129.567 3.429E+05 51.335 2.747 
208 198 147.746 1.383E+05 26.826 0.902 
209 198 351.238 2.408E+05 30.659 1.666 
210 204 160.061 6.037E+04 13.108 3.009 
211 204 204.630 6.239E+05 61.355 1.217 
212 204 216.945 1.466E+05 25.807 3.323 
213 210 48.053 7.779E+04 17.863 2.985 
214 210 97.899 2.619E+05 48.699 2.219 
215 210 111.387 2.660E+05 39.378 2.288 
216 210 114.906 7.066E+04 16.223 2.756 
217 210 125.462 3.098E+05 48.279 1.141 
218 210 154.783 1.851E+05 24.321 1.907 
219 210 270.310 1.448E+05 22.552 5.295 
220 210 279.107 8.101E+04 15.036 2.699 
221 216 86.171 1.235E+05 22.938 2.280 
222 216 94.381 4.386E+05 58.226 2.002 
223 216 296.113 8.600E+04 14.861 4.641 
224 216 358.275 1.060E+05 20.923 2.653 
225 222 45.707 1.260E+05 22.336 2.070 
226 222 51.571 2.519E+05 33.445 2.719 












228 222 254.476 1.695E+05 24.851 1.129 
229 222 355.929 2.827E+05 45.538 2.240 
230 228 73.856 1.047E+05 17.89 2.599 
231 228 90.862 1.274E+05 21.07 1.270 
232 228 125.462 9.314E+04 18.275 1.538 
233 228 131.326 2.561E+05 38.787 2.639 
234 228 135.431 1.263E+05 24.783 3.438 
235 228 141.295 2.512E+05 33.055 1.557 
236 228 145.987 1.605E+05 24.636 2.141 
237 228 212.840 1.107E+05 20.374 1.895 
238 228 222.223 7.500E+04 16.265 1.405 
239 228 288.489 1.686E+05 27.882 3.859 
240 234 108.455 1.185E+05 24.405 0.866 
241 234 127.221 7.960E+04 16.802 1.960 
242 234 157.715 9.512E+04 19.576 2.056 
243 234 165.339 1.166E+05 21.908 2.745 
244 240 63.886 2.240E+05 29.471 5.033 
245 240 169.444 1.854E+05 29.72 1.742 
246 240 221.050 1.026E+05 22.268 1.550 
247 240 255.649 1.967E+05 30.189 1.444 
248 246 46.880 9.015E+04 16.669 2.323 
249 246 90.276 9.184E+04 17.333 1.527 
250 246 107.869 2.448E+05 37.253 0.691 
251 246 153.610 2.871E+05 36.162 2.025 
252 246 161.234 9.194E+04 17.001 2.397 
253 246 167.685 1.033E+05 18.728 1.969 
254 246 348.305 1.119E+05 19.555 4.050 
255 252 120.770 2.203E+05 38.543 2.363 
256 252 142.468 1.348E+05 26.01 2.634 
257 252 158.888 1.992E+05 36.873 1.859 
258 252 212.840 1.639E+05 22.852 1.257 
259 252 216.945 2.428E+05 36.94 2.875 
260 252 330.712 1.435E+05 22.763 9.865 
261 252 343.614 1.090E+05 18.107 4.379 
262 258 22.250 1.574E+05 20.819 2.971 
263 258 35.151 2.047E+05 27.08 2.229 
264 258 109.041 1.345E+05 25.439 1.546 












266 258 257.409 1.441E+05 20.65 1.316 
267 264 73.269 1.856E+05 24.035 2.284 
268 264 89.689 1.701E+05 26.452 1.254 
269 264 104.936 3.032E+05 51.999 2.670 
270 264 133.085 1.463E+05 26.01 2.254 
271 264 138.949 3.352E+05 48.086 2.287 
272 264 285.557 1.710E+05 21.298 2.817 
273 264 357.102 6.146E+04 12.444 4.490 
274 270 41.015 1.976E+05 29.456 3.550 
275 270 114.906 8.752E+04 18.696 1.741 
276 270 118.424 2.564E+05 43.207 1.946 
277 270 150.678 9.187E+04 16.65 1.733 
278 270 278.520 1.763E+05 20.295 1.609 
279 276 100.245 7.137E+04 16.699 1.417 
280 276 161.820 1.961E+05 40.815 2.423 
281 276 164.752 2.387E+05 35.121 2.214 
282 276 171.790 8.935E+04 15.876 1.795 
283 276 265.619 7.958E+04 16.123 5.753 
284 282 33.392 1.250E+05 20.682 2.212 
285 282 116.079 3.208E+05 42.008 0.670 
286 282 125.462 1.890E+05 33.626 1.024 
287 282 130.739 8.274E+04 19.364 3.217 
288 282 136.604 3.910E+05 54.747 1.836 
289 282 146.573 1.224E+05 26.17 1.970 
290 282 148.919 2.032E+05 34.842 1.416 
291 282 160.061 2.071E+05 42.009 2.051 
292 282 174.135 1.343E+05 21.867 2.061 
293 282 209.908 1.382E+05 22.51 3.056 
294 282 271.483 1.278E+05 19.586 4.180 
295 288 18.731 1.075E+05 17.118 3.834 
296 288 86.171 1.394E+05 23.307 3.203 
297 288 101.418 2.022E+05 34.402 0.705 
298 288 127.807 1.243E+05 28.459 2.711 
299 288 151.851 6.537E+04 14.952 2.341 
300 288 281.452 1.615E+05 27.458 2.775 
301 288 318.397 8.895E+04 18.204 2.613 
302 294 28.114 1.207E+05 16.375 2.594 












304 294 118.424 3.079E+05 43.871 1.050 
305 294 124.875 1.854E+05 28.641 0.851 
306 294 147.746 8.417E+04 17.86 1.251 
307 294 171.203 1.002E+05 17.35 1.286 
308 294 214.599 1.784E+05 29.838 2.001 
309 300 101.418 1.504E+05 26.574 0.799 
310 300 110.214 4.223E+05 62.591 1.750 
311 300 116.665 1.648E+05 34.07 1.913 
312 300 160.061 2.622E+05 47.267 1.123 
313 300 206.389 1.975E+05 34.251 3.872 
314 300 256.822 1.815E+05 24.375 2.622 
315 300 316.052 1.046E+05 17.799 2.229 
316 306 43.948 6.995E+04 13.734 2.288 
317 306 52.158 1.339E+05 20.996 3.967 
318 306 57.436 9.083E+04 14.016 3.681 
319 306 94.381 1.176E+05 18.433 2.823 
320 306 137.777 2.045E+05 31.14 1.822 
321 306 153.610 1.847E+05 37.207 2.473 
322 306 185.278 2.404E+05 35.141 4.030 
323 306 199.938 2.672E+05 34.392 4.042 
324 306 212.840 1.726E+05 23.177 1.119 
325 306 248.026 2.301E+05 36.092 2.744 
326 312 10.521 1.270E+05 18.08 4.924 
327 312 129.567 1.002E+05 20.706 2.772 
328 312 144.814 1.158E+05 21.277 3.125 
329 312 160.061 1.407E+05 29.078 1.031 
330 312 361.207 1.294E+05 18.838 265.455 
331 318 71.510 2.268E+05 33.966 1.730 
332 318 77.374 1.465E+05 21.329 3.042 
333 318 262.100 1.258E+05 19.686 3.137 
334 318 293.181 1.352E+05 17.269 2.840 
335 318 311.360 7.089E+04 12.799 3.776 
336 324 81.479 2.089E+05 31.284 3.519 
337 324 113.733 1.914E+05 30.447 1.600 
338 324 123.116 2.726E+05 36.01 1.533 
339 324 133.085 1.600E+05 26.78 0.857 
340 324 155.370 3.887E+05 50.798 1.376 












342 324 235.124 1.200E+05 22.158 2.944 
343 324 279.107 4.118E+05 43.622 2.684 
344 330 27.528 7.416E+04 12.865 3.223 
345 330 43.948 1.441E+05 17.86 1.321 
346 330 88.516 1.106E+05 20.41 2.987 
347 330 109.628 2.240E+05 33.547 1.461 
348 330 138.949 1.814E+05 33.516 2.232 
349 330 189.383 9.384E+04 16.953 4.945 
350 330 238.056 7.851E+04 14.484 3.037 
351 330 299.632 1.387E+05 22.429 5.834 
352 336 24.009 2.598E+05 35.516 2.538 
353 336 70.923 1.031E+05 17.56 1.526 
354 336 91.449 8.942E+04 17.698 2.767 
355 336 116.665 2.690E+05 40.882 2.599 
356 336 134.258 2.362E+05 44.619 1.423 
357 336 151.265 2.149E+05 33.141 1.314 
358 336 164.752 2.520E+05 41.472 1.833 
359 336 248.026 8.176E+04 14.187 2.266 
360 342 128.394 1.303E+05 21.085 2.382 
361 348 100.245 2.729E+05 35.473 3.527 
362 348 108.455 2.934E+05 45.959 0.684 
363 348 113.146 1.354E+05 23.598 2.089 
364 348 121.943 2.350E+05 34.141 1.552 
365 348 131.326 1.579E+05 24.716 2.145 
366 348 137.190 3.061E+05 44.495 1.697 
367 348 141.882 1.958E+05 32.845 1.740 
368 348 162.407 9.377E+04 17.412 2.259 
369 348 212.253 1.147E+05 18.558 3.945 
370 348 253.890 1.133E+05 20.151 3.359 
371 348 340.095 1.202E+05 19.119 4.994 
372 348 349.478 2.265E+05 28.803 4.879 
373 354 73.269 1.452E+05 22.718 2.539 
374 354 150.092 2.168E+05 33.417 1.545 
375 354 158.888 2.224E+05 31.879 1.563 
376 354 167.685 3.036E+05 41.346 1.938 
377 354 206.975 2.073E+05 29.313 3.944 
378 354 221.050 1.811E+05 27.065 2.952 












380 360 108.455 2.248E+05 39.229 0.902 
381 360 119.597 1.377E+05 28.312 2.316 
382 360 155.956 4.251E+05 62.713 2.305 
383 360 197.593 8.954E+04 14.74 2.232 
384 360 224.568 6.501E+04 12.351 3.058 
385 360 250.371 1.285E+05 21.562 2.469 
386 360 262.686 2.032E+05 32.365 3.792 
387 366 84.998 1.208E+05 15.862 2.759 
388 366 143.054 2.824E+05 46.561 1.752 
389 366 199.938 1.048E+05 17.905 2.487 
390 366 236.297 7.261E+04 14.511 3.938 
391 366 292.008 9.416E+04 14.976 3.714 
392 372 121.943 3.733E+05 61.568 1.638 
393 372 153.610 8.878E+04 18.236 2.419 
394 378 14.040 8.808E+04 12.976 3.369 
395 378 136.604 1.240E+05 22.236 0.878 
396 378 150.092 3.357E+05 41.268 1.413 
397 378 158.888 1.129E+05 21.71 2.311 
398 378 171.203 1.234E+05 19.706 1.973 
399 378 259.168 3.058E+05 42.143 3.136 
400 378 334.817 1.618E+05 23.87 4.725 
401 384 76.201 8.773E+04 16.644 2.643 
402 384 118.424 3.210E+05 48.98 1.876 
403 384 126.634 1.457E+05 28.385 2.400 
404 384 168.271 1.342E+05 22.788 2.238 
405 384 242.748 1.627E+05 18.129 2.364 
406 390 72.096 2.142E+05 31.047 3.330 
407 390 78.547 9.913E+04 15.03 1.763 
408 390 123.116 1.400E+05 28.689 2.157 
409 390 136.604 5.403E+05 64.619 0.642 
410 390 143.054 3.048E+05 43.552 1.603 
411 390 250.371 1.209E+05 20.034 2.510 
412 390 269.137 1.385E+05 22.511 3.848 
413 396 39.843 1.112E+05 15.649 5.116 
414 396 161.234 1.177E+05 19.89 1.193 
415 396 182.345 2.452E+05 31.247 2.338 
416 396 187.623 8.244E+04 13.916 4.412 












418 396 324.848 1.628E+05 22.925 8.003 
419 402 25.768 2.397E+05 34.917 2.258 
420 402 171.790 1.317E+05 20.116 1.918 
421 402 209.321 8.525E+04 12.591 4.513 
422 402 356.515 2.029E+05 29.114 3.466 
423 408 28.114 1.879E+05 27.487 2.417 
424 408 127.221 3.907E+05 61.139 1.665 
425 408 147.746 2.814E+05 41.835 2.865 
426 408 154.783 3.737E+05 48.926 3.049 
427 408 162.407 2.351E+05 34.4 1.210 
428 408 167.685 8.530E+04 16.18 1.982 
429 408 176.481 1.012E+05 14.788 2.507 
430 408 343.614 7.698E+04 12.241 3.217 
431 408 352.997 9.484E+04 16.719 3.706 
432 414 4.657 1.481E+05 19.368 7.576 
433 414 17.558 1.283E+05 21.227 2.470 
434 414 82.066 1.375E+05 19.503 3.180 
435 414 132.499 2.556E+05 46.188 2.326 
436 414 339.509 2.654E+05 29.891 1.045 
437 420 59.195 9.047E+04 13.652 2.361 
438 420 124.875 2.230E+05 34.272 2.211 
439 420 129.567 3.757E+05 56.8 1.920 
440 420 144.227 1.638E+05 24.342 2.259 
441 420 194.074 2.668E+05 31.551 1.624 
442 420 224.568 2.216E+05 27.337 2.612 
443 420 294.940 2.023E+05 30.075 4.953 
444 426 137.777 2.004E+05 33.693 0.778 
445 426 168.857 1.957E+05 28.94 1.351 
446 426 198.765 1.943E+05 29.713 3.630 
447 432 178.240 2.190E+05 35.372 2.822 
448 432 182.932 1.248E+05 19.763 3.490 
449 432 202.870 6.985E+04 12.532 2.410 
450 432 244.507 1.262E+05 19.635 3.032 
451 432 259.168 1.831E+05 25.855 4.228 
452 432 267.964 2.109E+05 25.061 2.497 
453 432 340.682 6.912E+04 11.847 1.730 
454 438 16.385 1.955E+05 30.421 1.005 












456 438 67.991 1.150E+05 15.994 2.017 
457 438 131.912 4.565E+05 54.286 1.306 
458 438 138.363 2.559E+05 41.345 1.058 
459 438 164.752 1.852E+05 28.817 2.735 
460 438 171.790 2.391E+05 35.366 2.915 
461 438 289.662 1.740E+05 22.372 3.481 
462 444 89.103 1.813E+05 22.494 4.645 
463 444 94.967 7.608E+04 13.338 5.380 
464 444 218.704 1.356E+05 24.954 1.294 
465 444 240.988 1.868E+05 29.606 2.189 
466 444 355.929 3.342E+05 40.584 1.482 
467 450 16.385 6.690E+04 12.299 0.872 
468 450 60.954 7.223E+04 12.96 3.314 
469 450 119.011 1.188E+05 21.343 2.883 
470 450 141.882 4.557E+05 58.639 2.752 
471 450 150.092 2.179E+05 29.1 1.989 
472 450 158.302 2.251E+05 35.033 1.816 
473 450 212.840 7.339E+04 12.865 4.423 
474 450 221.636 8.097E+04 14.198 2.879 
475 450 237.470 8.156E+04 14.301 1.415 
476 450 332.472 9.595E+04 16.113 6.245 
477 450 350.651 6.544E+04 11.215 4.074 
478 450 357.688 7.911E+04 16.271 2.424 
479 456 153.024 2.474E+05 36.365 2.340 
480 456 202.284 2.779E+05 24.659 0.994 
481 456 218.118 1.554E+05 22.121 0.896 
482 456 265.032 1.177E+05 18.519 3.281 
483 456 284.384 1.448E+05 22.785 4.067 
484 456 312.533 1.020E+05 14.73 2.553 
485 456 339.509 2.301E+05 32.289 1.495 
486 462 112.560 1.375E+05 19.277 2.945 
487 462 132.499 2.045E+05 34.159 1.097 
488 462 137.190 2.060E+05 33.066 2.245 
489 462 166.512 9.843E+04 17.156 2.562 
490 462 226.914 1.062E+05 16.122 3.596 
491 462 231.606 1.201E+05 20.485 4.535 
492 462 242.748 1.781E+05 22.21 1.370 












494 468 116.665 2.169E+05 30.545 2.253 
495 468 236.883 1.533E+05 19.123 1.217 
496 468 273.829 2.754E+05 34.393 3.354 
497 474 69.164 2.355E+05 32.032 2.428 
498 474 126.634 2.352E+05 33.464 2.139 
499 474 131.912 1.836E+05 28.427 0.917 
500 474 157.715 2.472E+05 33.629 1.784 
501 474 170.030 7.821E+04 16.233 3.982 
502 474 178.240 2.714E+05 33.301 2.992 
503 474 338.922 2.218E+05 27.54 1.382 
504 480 161.820 2.160E+05 32.507 3.396 
505 480 280.279 2.306E+05 30.189 3.398 
506 480 314.879 1.190E+05 15.159 2.078 
507 480 361.793 1.399E+05 15.951 195.334 
508 486 143.054 1.628E+05 25.743 2.048 
509 486 145.400 3.430E+05 43.441 1.411 
510 486 206.975 2.027E+05 22.431 1.577 
511 486 289.662 2.217E+05 25.841 3.016 
512 492 25.768 2.384E+05 30.033 4.218 
513 492 128.980 3.069E+05 47.375 2.660 
514 498 173.549 4.551E+05 47.677 1.272 
515 498 181.759 2.903E+05 35.537 1.485 
516 504 51.571 1.068E+05 15.008 8.411 
517 504 67.405 6.366E+04 11.134 3.364 
518 504 125.462 1.941E+05 26.081 2.432 
519 510 21.077 1.562E+05 20.116 3.930 
520 510 99.072 6.194E+04 9.685 7.373 
521 510 138.363 1.974E+05 32.984 3.542 
522 510 145.400 3.264E+05 42.072 1.725 
523 510 157.129 8.443E+04 14.777 1.560 
524 510 170.030 8.244E+04 13.756 2.730 
525 510 188.210 2.010E+05 30.322 2.458 
526 510 199.938 8.740E+05 80.782 0.927 
527 510 204.043 4.696E+05 70.873 1.691 
528 510 206.389 2.918E+05 55.489 2.731 
529 510 209.908 4.671E+05 63.764 1.779 
530 510 215.772 1.163E+06 102.001 0.697 












532 510 236.883 3.474E+05 46.036 2.238 
533 510 244.507 8.216E+05 79.314 0.893 
534 510 252.131 4.928E+05 66.278 1.378 
535 510 254.476 3.831E+05 50.773 1.866 
536 510 262.100 6.021E+05 68.877 1.518 
537 510 265.032 5.050E+05 60.386 1.812 
538 510 270.896 4.000E+05 47.272 2.697 
539 510 277.934 1.906E+05 30.49 3.192 
540 510 283.798 2.860E+05 39.028 1.522 
541 510 286.144 2.055E+05 28.93 1.871 
542 510 294.940 3.436E+05 39.711 1.701 
543 510 298.459 2.116E+05 31.333 2.605 
544 510 303.737 2.020E+05 28.896 1.996 
545 510 306.669 1.175E+05 23.761 3.766 
546 510 309.601 1.823E+05 30.466 2.637 
547 510 313.120 2.144E+05 32.341 2.869 
548 510 317.811 2.602E+05 33.525 2.889 
549 510 323.675 2.592E+05 36.494 2.250 
550 510 327.194 1.913E+05 32.712 1.994 
551 510 329.540 1.882E+05 28.378 1.649 
552 510 337.163 2.933E+05 32.837 2.184 
553 510 341.855 1.776E+05 23.512 3.252 
554 510 346.546 8.355E+04 16.354 3.164 
555 510 349.478 9.068E+04 14.801 2.374 
556 510 354.170 1.432E+05 18.695 2.744 
557 516 120.184 9.552E+04 19.316 1.706 
558 516 134.844 1.659E+05 20.295 2.050 
559 516 151.265 3.286E+05 39.75 4.240 
560 516 175.308 1.417E+05 23.666 1.951 
561 516 182.932 2.157E+05 33.156 1.288 
562 516 185.278 9.331E+04 18.869 2.815 
563 522 117.252 5.482E+05 45.714 0.496 
564 528 119.011 3.561E+05 49.937 1.067 
565 528 157.715 4.666E+05 50.525 0.698 
566 534 168.271 1.009E+06 97.643 1.027 
567 534 187.037 5.059E+06 366.651 0.415 
568 534 190.555 3.234E+06 280.489 0.920 












570 534 210.494 6.429E+05 75.622 1.152 
571 534 216.358 2.202E+05 39.394 2.570 
572 534 219.877 1.603E+05 32.279 3.901 
573 534 223.396 1.504E+05 30.274 3.219 
574 534 226.328 1.625E+05 28.328 2.652 
575 534 230.433 1.424E+05 24.818 2.276 
576 534 235.124 2.446E+05 31.36 1.706 
577 534 243.921 1.929E+05 24.727 1.450 
 
 
